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PREFACE TO SECOND EDITION 

, . „ h..- „ nee d for a one-volume dictionary of chemistry, 

—EJESTiSSU— - - - *•“ — 

in chemistry and chemical engineering, but also brief accounts of many 
itrSbstances, chemical operations, drugs, vitamins, and other 
bodies of biochemical importance. Chemistry is growing "Pjj* and 
some of the text-books and encyclopedias become out-of-date m a few 
years ; they do not cease to be useful, but they omit quite recent informa¬ 
tion, some of which is not easily found. Chemists are not the only people 
who need accurate information on chemical matters : doctors druggists, 
physiologists, chemical manufacturers, works managers, chemical engineers, 
patent agents, lawyers, journalists, and many others have from time to 
time occasion to learn something that is included in so wide a subject 
as chemistry, or to refresh their memories about a subject that they 

have partly forgotten. . . , 

This dictionary is intended to be useful not only to chemists, but 
also to the wider circle that has already been indicated. It is not intended 
to supplant the admirable chemical treatises already in existence, some 
of which extend to a bulk that is too great to be conveniently used, except 
by those who have a very spacious library. It is intended to supplement 
these by providing in one volume of moderate size a mass of miscellaneous 
information of chemical matters in general; those who have taken part 
in the preparation of this book have selected topics that seemed to be 
essential to its purpose and have included in the articles such accurate 
and modem information as space permitted. 

The first edition of this dictionary was published in 1940 and was found 
to be required by a large number of chemists. Unfortunately, however, 
almost all the existing stocks were destroyed when Paternoster Row was 
burnt down in the big raid on the City of London in December 1940. It 
was hoped to reprint the first edition soon afterwards, but the increasing 
difficulties due to war conditions made this impossible. A new edition has 
been brought out as soon as conditions allowed and the opportunity has 
been taken to correct several errors in the first edition and to improve the 
dictionary by bringing it up-to-date. 

The dictionary is intended to be a handy book of reference and for this 
reason it is necessary to exclude long detailed accounts of substances 
and processes ; these will be found in many well-known large dictionaries 
and text-books. We have tried to keep the book much the same size as 
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PREFACE 


was the first edition and for this reason certain of the articles in the first 
edition have been compressed or in some cases deleted in order to make 
room for articles of more recent importance, for instance on atomic energy 
and on the sulphonamide group of drugs. 

It should be noted that in this dictionary, except when otherwise 
specified, all temperatures are given in degrees Centigrade. Usually if a 
word is printed in italics, an article on the subject will be found in the 
dictionary. At the end of the dictionary is a table of physical constants 
of about 1800 organic compounds. This has been very carefully pre¬ 
pared by Mr. F. G. Crosse ; and it is hoped that this list will be useful to a 
large number of chemists. 

Stephen Miall. 

L. Mackenzie Miall. 



EDITOR’S NOTE 


The revision of the first edition of this dictionary was undertaken jointly 
by my father and myself, but my father did not live to see the_ proofs 
returned from the Printers. He had a high reputation for careful and 
accurate writing, a reputation I have tried to live up to in the editing of 

these pag for the help given by all the contributors to both 

editions and by those who have assisted in the revision of the first 
edition Their names are on page v. In particular I wish to take this 
opportunity of thanking Mr. F. G. Crosse, who read through the first 
edition after its publication and pointed out many errors, both in nomen¬ 
clature and other matters, and Mr. V. J. Ward, who assisted in the very 
tedious process of reading and correcting the proofs. 

In a dictionary such as this there are bound to be omissions. To some 
extent these cannot be avoided. Such a dictionary cannot possibly 
inolude all the substances, processes, and biographies that the readers will 
expect or hope to find. As it is hoped that the dictionary will run into 
more editions and will be improved with every new edition, I shall welcome 
any criticism that readers care to send. 

L. Mackenzie Miall, . 


15 Thurlow Road, N.W.3. 
December 1948 
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Abegg. Richard (1800-1010). Bom at 
Danzfg Abegg was educated at the Un.ver- 
sities of Tubingen, Kiel, Berlin, Leipzig, and 
Stockholm. In 1804 he became assistant to 
Ncrnst at Gottingen, and later professor of 
physical chemistry. In 1001 Abegg was 
appointed extraordinary professor at 
Breslau, and in 1000 professor of chemistry 
at Breslau Technical High School. Apart 
from his researches upon organic and 
physical problems, his name will live on 
account of his “ Handbuch der anorgamsche 

C, Abel, Sir Frederick Augustus (1827-100-2). 
Bom in London, Abel was educated at the 
Royal Polytechnic and the Royal College 
of Chemistry. In 1851 he became demon¬ 
strator in chemistry at St. Bartholomew s 
Hospital, and in 1852 succeeded Michael 
Faraday ns professor of chemistry at the 
Royal Military Academy, Woolwich. In 
1854 he was uppointed chemist to the War 
Department, and he retained this position 
until 1888. His work on explosives included 
in particular researches on the effect of 
grain-size of gunpowder on combustion. I le 
was President of the Society of Chemical 
Industry in 1882-1883, and of the Chemical 
Society in 1875-1877, in which year he 
also received a Royal Medal of the Royal 
Society. 

Abel, John Jacob (1857-1938). Abel was 
bom at Cleveland, Ohio, and after graduat¬ 
ing from the University of Michigan studied 
at Leipzig, Strassburg, Heidelberg, Vienna, 
and Berne. He became professor of materia 
medica and therapeutics in the University 
of Michigan in 1891, and in 1893 went to the 
Johns Hopkins University as professor of 
pharmacology. From 1932 onwards he was 
Professor Emeritus and Director of the 
Laboratory of Endocrine Research. Re¬ 
searches over a wide range gained him the 
Willard Gibbs (1927) and Conn* Medals 
(1932). 

Abelite. Explosive composed of am¬ 
monium nitrate and trinitrotoluene ; certain 
forms contain dinitrobenzene and sodium 
chloride or starch and sodium chloride in 
addition. 


Abieticacid,C !0 H»O 1 . Probably 

CH, 



M.P. 158°, «„-08° to -00°. A crystalline, 
tricyclic triterpene derivative, obtained from 
various plant resins. Is a monocarboxylic 
acid, and yields retcnc or l-mcthyl-7-iso- 
propylphcnanthrcnc on dehydrogenation. It 
is the chief constituent of colophony and is 
contained in many varnishes. Its soaps are 
used as detergents. 

Abrin. A toxic substance, causing ag¬ 
glutination of the red blood corpuscles, 
found in the seeds of the Abnis precatonus, 
an Indian shrub. It is a mixture of two 
proteins. 

Absolute alcohol. See Alcohol. 

Absolute temperature. A temperature 
on the " absolute ” (or Kelvin) scale ; the 
zero of this scale is the temperature at 
which a perfect gas would occupy zero 
volume if it could be cooled indefinitely 
without liquefaction or solidification. The 
absolute zero being — 273-1°, and one 
degree on the absolute scale being equiva¬ 
lent to one Centigrade degree, an absolute 
temperature = the corresponding Centigrade 
temperature + 273-1®. 

Absorptiometer. An apparatus for deter¬ 
mining the solubility of a gas in a liquid. 

Absorption. When a soluble component 
of a gas or vapour which is in contact with 
a liquid becomes distributed in the liquid, 
the process is known as absorption. Selec¬ 
tive absorption is employed to separate 
components of mixtures of gases or vapours, 
e.g. the removal of ammonia from coal gas 
by absorption in water or the removal of 
benzole from coal gas by washing in absor¬ 
bent oils. The process may be carried out 
by bubbling the gas through the liquid, by 



Absorption 

spraying the liquid through the gas (as in 
centrifugal washers), or by passing the gas 
over surfaces wetted with the liquid (as 
in scrubbing towers). Counter-current 
treatment is generally employed to reduce 
the quantity of absorbent required, as in 
the tower scrubber, which may be empty 
or filled with packing designed to ofTer the 
maximum surface and the minimum resist¬ 
ance to the gas, the principle being that the 
gas at exit is in contact with the least con¬ 
centrated solution, while the liquid at exit 
is in contact with the most concentrated gas. 

Absorption bands. See Absorption of 
light. 

Absorption coefficient ol a gas. The 
volume of gas measured at 0° and 700 mm. 
pressure which will dissolve in 1 c.c. of a 
liquid. The absorption coefficients in water 
at 0° for several common gases arc as follows : 
nitrogen, 0 024; oxygen, 0 049; ethylene, 
0-25; carbon dioxide, 1-713; hydrogen 
sulphide, 4-08; sulphur dioxide, 79-8; 
hydrogen chloride, 500; ammonia, 1300. 

Absorption coefficient of light. Sec 

Lambert’s law- and Beer's law. 

Absorption of light. When light is inci¬ 
dent on the surface of a transparent 
substance, part of the light is reflected, and 
the rest is transmitted unchanged. If, how¬ 
ever, the light falls on a surface of lamp¬ 
black, it is neither reflected nor transmitted, 
but absorbed. Since this surface absorbs 
light of all wnvc-lcngths, the process is 
called general absorption. A layerofchlorine, 
on the other hand, appears green in daylight, 
because it has absorbed all the radiations 
corresponding with the remainder of the 
spectrum. This kind of absorption is termed 
selective. If the spectrum of the transmitted 
light is examined, i.e. the absorption spec¬ 
trum, certain regions will be found absent, 
and appear black. These regions corre¬ 
spond with the light absorbed by the chlorine, 
and arc termed absorption bands. If the 
absorbing medium is a gas in the atomic 
state, the spectrum of the transmitted light 
shows dark lines, instead of bands. These 
absorption lines correspond with the light 
absorbed by the atoms. 

The absorption of light is the converse of 
the emission of light. Whereas a molecule 
emits a band spectrum ( q.v .), an atom emits 
a line spectrum (q.v.). Emission of light 
corresponds with the return of the atom or 
molecule from a state of higher to one of 
lower energy, while the absorption of light 
corresponds with the raising of the atom or 
molecule from a state of lower to one of 
higher energy. The energy thus absorbed 
may be utilized in inducing chemical 
reactions. 


Acclimatization 

The relationships between the intensity 
of the incident light, the thickness, concen¬ 
tration, and the intensity of the transmitted 
light arc embodied in Beer's law (q.v.) and 
Lambert’s law (q.v.). 

Absorption tower. The most widely used 
plant for the absorption of a gas in a liquid 
takes the form of a tower down which the 
liquid can be sprayed, the gas being passed 
countcr-currently up the tower. The most 
important factor in designing such equip¬ 
ment is to make the ratio of surface area to 
volume and free space to volume as high as 
possible, and so to ensure complete absorp¬ 
tion of the gas with minimum pressure drop 
in passing through the plant. To achieve 
this result, a packing material is used, this 
may be broken rock or coke, or a specially 
prepared ceramic packing such as Raschig 
rings. 

These towers arc also termed scrubbers, 
especially when the object of the absorption 
is to remove impurities. See also Paulson 
tower. 

Abyssinian gold. A yellow alloy of 90-7 
per cent, copper and 8 -8 per cent, zinc plated 
with gold on one side and rolled into sheets. 

Accelerators. Substances so-called be¬ 
cause they accelerate and assist the vulcan¬ 
ization of rubber, in some cases conferring 
on it increased resistance to wear. Such 
substances comprise various inorganic pig¬ 
ments (e.g. litharge, antimony penta- 
sulphide), organic compounds such as 
hexamethylcnc-tetramine, various dithio- 
carbamates and xanthates. 

Acceptor. A substance which, while nor¬ 
mally not oxidized by oxygen or reduced 
by hydrogen, can be thus oxidized or 
reduced in presence of a substance which 
is itself undergoing oxidation or reduction. 

In connexion with molecular structure, an 
atom that has a deficit of one or more pairs 
of electrons, which can be supplied by a 
second atom with formation of a co-ordinate 
link (q.v.), is also called an “ acceptor.” 

Acclimatization. By the action of small 
quantities of electrolytes, hydrophobic 
colloids are coagulated. The amount of 
electrolyte required to coagulate a sol 
depends, in many cases, on the rate at 
which it is added. It is found that in 
some cases less electrolyte is required when 
It is added slowly in small quantities, but 
that in other cases more is required. This 
phenomenon is termed acclimatization, and 
is said to be positive in the former example 
and negative in the latter. The cause of 
acclimatization is usually to be found in 
chemical changes between the added 
electrolyte and the colloid or else in 
hydrolysis. See Colloid, Coagulation. 



Acetanilide 


CH.—CH, 


Accum 

Accum, Friedrich Christian, bom in 1769 
near Hanover, came to London in 1.93 
and taught chemistry ; he became a 
nnpular consulting chemist and a director 
of the Gas Light and Coke Co He wrote 
a •* Practical Treatise on Gas Light, the 
“Elements of Crystallography/* and a 
“Treatise on the Adulterations in Food. 
He returned to Germany and died in 1838. 
See article by C. A. Browne in J. Chem. 
Education , 1925. 

Acenaphthene, C„H„. Colourless needles. 
M.P. 95°, B.P. 278°. Soluble 
in hot alcohol. When passed 
through a red-hot tube ace¬ 
naphthylene is obtained. Oxi¬ 
dation with acid dichromatc 
gives naphthalicacid. Char¬ 
acteristic picratc, M.P. 161°. 

It occurs in the anthracene fraction of 
coal tar, from which it is readily separated. 
Can be obtained synthetically by the action 
of alcoholic potash on oc-bromoethylnaph- 
thalcne. 

It is of increasing importance as a dye¬ 
stuff intermediate, being much used as 
a source of nitro- and amino-derivatives. 

Acenaphthenequinone. Yellow needles, 
M.P. 261°, very sparingly soluble 
in water; 100 gms. of glacial 
acetic add at 15° dissolve 0 15 
gm. It is condensed with thio- 
indoxyl and its derivatives to 
bright scarlet and red vat dyes 
of the type 
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These arc known as Ciba Scarlet G, Ciba 
Red R, etc. 

Acenaphthylene, C„ H,. HC=CH 
Crystallizes in yellow plates 
from alcohol, M.P. 92°-93°, 

B.P. 205°-275°, with de¬ 
composition. Soluble in i 
alcohol and ether, insoluble 
in water, D“ 0 899. It is 
derived from acenaphthenc by catalytic 
dehydrogenation and polymerizes to give 
plastic products. 

Acetal, CHj • CH(OC 2 H g ) t . A pleasant- 
smelling liquid, B.P. 104°-105°, soluble to 
some extent in water and miscible in all 
proportions with alcohol and ether. It may 
be prepared by mixing aldehyde and ethyl 
alcohol in the presence of a catalyst, such 
pa HC1, or by parsing acetylene into alcohol 


in the presence Of a catalyst. It is used in 
the preparation of deriva¬ 
tives, some of which are 
useful solvents. There arc /^\ ORlv 


R\ /OR" 

many other acetals of the 

gC Acetaldehyde. CH, - CHO is a colourless 
liquid with a characteristic odour, D 0-8009, 
B.P. 20-8°. Miscible with water, alcohol, 
and ether; insoluble in concentrated calcium 
chloride solutions. Manufactured by pass¬ 
ing alcohol vapours and air over a heated 
catalyst, usually copper or silver, or by the 
reaction of acetylene with water in presence 
of mercury salts. Prepared on the small 
scale by the oxidation of alcohol with 
potassium dichromate and sulphuric acid ; 
or by warming paraldehyde with 20 per cent, 
sulphuric acid. Compounds are formed 
with many metallic salts; the crystalline 
sodium or potassium bisulphite compounds 
may be used to isolate and purify acetalde¬ 
hyde. It is oxidized to acetic acid and 
reduced to alcohol. Polymerization readily 
occurs to give paraldehyde or metaldchyde : 
when heated with alkalis, a brown resin is 
formed. Aldol is formed by the inter¬ 
action of two molecules of acetaldehyde. 
Acetic acid, acetic ester, butyl alcohol, and 
certain synthetic resins arc manufactured 
from it. 

Acetaldoxime, CH,CH : NOIL A colour¬ 
less crystalline solid, M.P. 47°, B.P. 115°. 
Soluble in water, alcohol, and ether. 
Prepared by adding hydroxylaminc to an 
aqueous solution of acetaldehyde. When 
heated with dilute acids it decomposes into 
acetaldehyde and hydroxylamine. Acetic 
anhydride converts it to acetonitrile ; used 
to identify or purify acetaldehyde. 

Acetamide, CH,CO • NH t . Crystallizes 
in long white needles which absorb water 
and finally liquefy. The crude substance 
has a strong odour of mice. M.P. 82°, B.P. 
222°. Readily soluble in water and alcohol; 
sparingly soluble in ether. It may be pre¬ 
pared by the dry distillation of ammonium 
acetate or by the action of ammonia on 
ethyl acetate. Crystalline compounds are 
formed with NaBr, Nal, MgBr„ CaCI„ etc. 
Somewhat unstable salt-like compounds 
are formed with Na, K, Mg, Zn, and Hg, 
and also with mineral acids. 

Acetanilide, C g H,ON. White crystals, 
M.P. 114°, B.P. 304°. 

Very sparingly soluble ' CO • CH a 

in cold, more so in hot 
water, readily soluble in 
alcohol, ether, and chlor¬ 
oform. 

It is prepared by re¬ 
fluxing excess acetic acid with aniline, 



Ace tannin 4 

Anally fractionating away the water formed 
during the reaction. 

It is used medicinally, under the name of 
antifebrin, as an antipyretic and analgesic, 
but its chief use is in the direct nitration to 
p-nitroacctanilide. It is hydrolysed by 
dilute acids and alkalis at 100 ° to aniline. 

It chlorinates more slowly than aniline to 
o- and p-ch loro-acetanilides. 

Acetannin, Tannyl acetate, C, 4 H,O t 
(O • CO • CH 3 ),. a greyish white powder, 
almost insoluble in water and alcohol. 
Soluble in ethyl acetate. It is prepared 
from tannic acid and acetic anhydride. It 
is used medicinally in chronic diarrhoea 
and intestinal catarrh, as it liberates tannic 
acid when decomposed by the alkalis of 
the intestine. 

Acetarsol, 3 - acetylamino - 4 - hydroxy - 
phenylarsonic acid. 

CH 3 • CO • NH • C,H,(OH)AsO(OII), 

White crystals, M.P. 240°-250°. Almost 
insoluble in cold water, more soluble hot. 
Soluble in alknlis. Insoluble in alcohol. 
Prepared from 3-nit ro-4-hydroxyphenyl- 
arsonic acid. It is taken orally for amoebic 
dysentery, malaria, and diseases due to 
spirillary organisms. The sodium salt is 
injected for the same purposes. 

Acetate silk dyes. A special class of 
dyestuffs which, generally speaking, is 
quite specific for acetate silk (cellulose 
acetate, Celanese). The dyestuffs are 
usually ester-like compounds soluble in 
organic solvents, such as acetone, but in¬ 
soluble in water. The dyeing of acetate 
6ilk is therefore essentially a solution 
process of the dye in the fibre. The dye¬ 
stuff is either brought into solution by the 
formation of an easily hydrolysed water- 
soluble addition compound or used in the 
form of an aqueous semi-colloidal disper¬ 
sion. There are three main types of acetate 
silk dyestuff: 

1. Ionamines. The formaldehyde bisul¬ 
phite compounds of certain primary or 
secondary amines. 

2. Dispersols. Fat-soluble dves used in 
colloidal solution. 

.3. Duranols. Aminoanthraquinones used 
in colloidal solution. 

These three classes of dyestuffs are 
described in greater detail in separate 
articles. 

Acetates. Salts or esters of acetic acid. 

Acetic acid. Glacial acetic acid, CH,COOH, 
is a colourless liquid with a pungent, irri¬ 
tating odour, M.P. 10-7% B.P. 118*5% 
D*° 1*0492. Miscible with water, alcohol, 
and ether. Manufactured very largely 
from acetylene by converting this to 


Acetins 

acetaldehyde which is oxidized by air under 
pressure at 00 ° in presence of manganese 
acetate or other catalyst. It is also made 
by heating sawdust with sodium hydroxide 
under pressure or by the dry distillation of 
sawdust. Dilute alcoholic liquors produced 
by fermentation are treated with acetic 
acid bacteria which oxidize the alcohol to 
acetic acid. Vinegar is produced in this 
way. The dilute acids produced from 
wood or by fermentation arc concentrated 
by distillation with benzene, dichlorethy- 
lenc, or butyl acetate. It attacks most 
metals but has no action on tin, while 
aluminium is not attacked by acetic acid 
unless more than 10 per cent, water is present. 
Acidic, basic, and normal salts arc formed 
with metals. Oxidizing agents such as 
nitric and chromic acids have no action on 
it. Used in the preparation of various 
metallic acetates and esters ; as an inert 
solvent for many organic compounds, and 
in large amounts in the manufacture of 
cellulose acetate. 

Acetic anhydride, C 4 H 4 0„ is a colourless 
liquid with a pungent odour, 

D*° 1 082, B.P. 130 5% Soluble tH,CO 
in cold water to the extent of \o 
12 per cent. ; decomposed to CH 
acetic acid by boiling water; * 

miscible with ether and benzene. Manufac¬ 
tured by heating sulphur chloride with 
sodium acetate, or by passing acetylene 
into acetic acid in presence of mercury 
salts and heating the cUiylidtne diacetate 
so formed. Other methods involve the re¬ 
moval of water from acetic acid by passing 
the vapours of the acid over a heated 
catalyst, or, more simply, by heating them 
to 000°-1000% It reacts with compounds 
containing —OH or —NH, groups to give 
acetyl compounds. Used in the manu¬ 
facture of such products as cellulose acetate 
and aspirin. 

Acetic ester, Acetic ether, Ethyl acetate, 
C 4 H,O t , CH,COOC,H„ is a colourless 
liquid with a pleasant fruity odour, D 
0*9245, B.P. 77% Slightly soluble in water; 
miscible with most organic liquids. Manu¬ 
factured from acetaldehyde by the catalytic 
action of aluminium cthoxide or butoxidc, 
or from alcohol and acetic acid in presence 
of sulphuric acid. It is a useful solvent; 
acetoacetic ester is manufactured from it. 

Acetin, Triacetin. Sec Acetins. 

Acetms are acetates of glycerol. There 
are five possible acetates, two mono-, two 
di-, and one tri-acetate. Only four of these 
have been prepared in the pure state; the 
commercial acetins arc mixtures of the 
various acetates and form colourless or 
slightly brown syrupy liquids. Monoacatin. 


Acetoi 


Acetoacetanilide 

D .» 1-221, B.P. 130°-132°/2-3 mm., contain 
chieflv the a*acetate 

CH,OH • CHOH • CH,OOC • CH,. 

It is very soluble in water, and is not thrown 
out Of Concentrated solutions by sod.um 
chloride; soluble in chloroform, but not 
very soluble in ether. Prepared by heating 
molecular proportions of glycerol and 

chiefly the diacetate 

CH.COOCH.CHOH • CH,OOC • CH,. 
Soluble in water and alcohol, but not in 
ether or benzene if water is present. Ob¬ 
tained as a by-product in the manufacture 
of triacetin. Used as plasticizer for cellu¬ 
lose acetate lacquers and as a solvent for 
b^ic dyes. Triacetin. D» M6-M7. B.P. 
200°, is about 90 % glycerol triacetate and 
10 % diacetate. Slightly soluble in water; 
soluble in ether. Prepared by heating 
glycerol with large excess of acetic acid and 
extracting the triacetin from aqueous sol¬ 
ution with ether. Used as a plasticizer for 
lacquers and as a solvent for certain gums 
and resins. 

Acetoacetanilide, 

'|NH • CO • CH, • COCH,. 


M.P. 85°. Prepared by the action of 
acctoacctic ester on aniline. Used for the 
preparation of pigment dyestuffs by coupling 
with diazotized bases. 

Acetoacetic acid, Acetonecarboxylic acid, 
C 4 H,0„ CH,CO • CH.CO OH. A colour¬ 
less and strongly acid syrup. It is unstable, 
and decomposes into acetone and carbon 
dioxide below 100°. Prepared from aceto¬ 
acetic ester. It occurs in traces in normal 
urine, but is characteristically present in 
increased amount in the urine of diabetic 
patients. Aqueous solutions of the acid 
give a distinctive violet colour with ferric 
chloride. 

Acetoacetic ester, Ethyl acetoacetate, 

CHjCOCHjCOOCjHj, 

CHjC(OH): CHCOOCjH*. 

A colourless, mobile liquid with a pleasant 
odour, D*° 1 0256, B.P. 181°-182°, 80°/20 
mm. Slightly soluble in water; miscible 
with alcohol, ether, benzene. Prepared by 
the action of sodium or sodium ethoxide on 
acetic ester. The reaction is complex and 
its precise course has been the subject of 
much discussion. It is the classical example 


of ktlo enol lautomerism, and normal pre¬ 
parations of the ester contain 02 0 /„ keto 
form and 7 4 % enol form. The P~P»rtion 
of the two forms is altered by change of 
temperature or by solution in solvents. 
Separation of the keto and enol forms has 
been effected by distillation from quarts or 
pyrex apparatus: the pure components 
revert to the original equilibrium mixture 
on standing. Metallic derivatives are 
formed with sodium and other metals, 
these are of the type 

CH,C(ONa): CHCOOC,H,; 

thev react with alkyl halides to give alkyl 
acetoacetic esters CH,CO - CHR • COOC H # 
These also form sodium derivatives, reacting 
with alkyl halides in a similar manner to 
give di-alkyl esters. Acetoacetic ester and 
the alkyl derivatives react with strong 
alkalis to give acetic and alkyl acetic acids 
respectively. Dilute alkalis or acids react 
to give ketones. With many nitrogen com¬ 
pounds it reacts to form nitrogen-containing 
rings: thus urea gives methyl uracil; 
hydrazines give methyl pyrazolones ; aniline 
gives methyl quinoline. Prolonged boiling 
causes decomposition with loss of alcohol 
and formation of dehydmcctic acid. It is 
a valuable means of synthesizing a wide 
variety of compounds and is used in the 
manufacture of antipyrin. Detected by the 
violet colour given with ferric chloride. 

Acetoin, Acetyl methyl carbinol, C 4 H,0„ 
CH,CH(OH)COCH„ is a colourless liquid, 
M.P. 15°, B.P. 148°. Miscible with water 
and alcohol; insoluble in ether. Produced 
from propylene and butylene glycols by the 
action of the acetic acid bacteria ; and from 
acetaldehyde by yeast. Prepared by the 
reduction of diacetyl. Forms a crystalline 
compound with sodium bisulphite. Reduces 
Fehling's soltilion. When distilled, it forms 
diacetyl. 

Acetol, Hydroxyacetone, Pyroracemic alco¬ 
hol, Pyruvic alcohol, 

C,H,0„ CHjCO • CH,OH, 

is a colourless liquid with a pleasant odour, 
D*° 1 082, B.P. 145°-146°, 54°/18 mm. 
Miscible with water, alcohol, and ether. 
Prepared by the action of chloroacetone on 
potassium acetate: also formed by the 
action of Bact. xylinum on a-propylcnc 
glycol. Tends to polymerize; methyl 
alcohol has a stabilizing effect. It has an 
acid reaction and reduces potassium per¬ 
manganate and ammoniacal silver nitrate 
in the cold. Detected by the formation of 
the fluorescent hydroxy methyl quinoline 
when treated with o-aminobenzaldehydc. 



Acetolysis 

Acetolyris is the name given to the process 
of removing acetyl groups from an organic 
compound. It is usually carried out by 
heating the acetyl compound with aqueous 
or alcoholic alkalis, whereby the acetyl 
groups arc removed as acetic acid. 

Acetone, Dimethyl ketone, 

C,H.O, CH,COCH„ 

is a colourless, volatile liquid with a 
pleasant, ethereal odour: it is highly 
inflammable, D° 0-8180, B.P. 56 2°. Mis¬ 
cible with water, alcohol, and ether; spar¬ 
ingly soluble in solutions of calcium 
chloride. Prepared by the dry distillation 
of barium acetate. Manufactured by pass¬ 
ing the vapour of acetic acid, alcohol, or 
acetaldehyde, or a mixture of acetylene 
and steam, over a suitably heated catalyst; 
also obtained, together with butyl alcohol, 
by the fermentation of starch by Clostri¬ 
dium acetobutylicum. It occurs in signi¬ 
ficant amounts in blood and urine in certain 
pathological conditions. Crystalline com¬ 
pounds are formed with sodium and 
potassium bisulphites ; compounds are also 
formed with mercuric sulphate and oxide. 
Ammonia reacts with boiling acetone to 
give diacctonaminc. Sodium hydroxide 
causes condensation to diacetone alcohol; 
under more vigorous conditions mesityl 
oxide nnd phoronc are produced. These 
are also formed, together with mesitylene, 
by the action of small amounts of mineral 
acids. Reduction of acetone gives iso¬ 
propyl alcohol and pinaconc. Crystalline 
derivatives arc formed with hydroxylamine, 
phenyl hydrazine, and scmi-carbazide. It 
is detected by the formation of iodoform 
when treated with iodine and sodium 
hydroxide. Sodium nitroprusside and am¬ 
monia give a red colour with acetone, 
which changes to violet on addition of 
acetic acid. Used in the manufacture of 
iodoform, chloroform, and sulphonal, and 
also as a solvent for cellulose acetate, 
celluloid and various lacquers. It is an 
excellent solvent for acetylene, and is used 
in cylinders of the compressed gas. 

Acetone alcohol. See Acctol. 

Acetone bodies. The acetone bodies, 
acetone, CH S • CO • CH„ acetoacetic acid, 
CH, • CO CH, • COOH, and 0-hvdroxy-buty- 
rie acid, CH, CHOU • CH, COOH, are 
excreted in the urine in severe cases of 
diabetes. They are formed by the incom¬ 
plete breakdown of fatty acids and of 
amino-acids with an even number of carbon 
atoms (kctogenic amino-acids) in all cases 
of carbohydrate shortage. The presence of 
the acetone bodies is the most serious 
aspect of diabetes, os they are strong acids 


Acetophenone 

and seriously upset the neutrality regulation 
of the body. Their neutral sodium salts 
are also toxic. This condition, known as 
ketosis, if untreated, leads to coma and 
eventually death. 

Acetone-chloroform, Chloretone, 

C 4 H,OCI„ (CH,),C • OH • CCI„ 

is a white, crystalline substance with a 
camphor-like odour, M.P. 97°, B.P. 107°. 
Slightly soluble in cold water; soluble in 
hot water, alcohol, or acetone. Manu¬ 
factured by the action of potassium hy¬ 
droxide on a cold mixture of acetone and 
chloroform. It is volatile in steam. 

Acetone dicarboxytfc acid, 0-Ketoglutaric 
acid, C»H,0,; CO • (CH,COOH)„ crystal¬ 
lizes in colourless needles, M.P. 135° 
(decomp.). Soluble in water and alcohol; 
insoluble in benzene and chloroform. 
Prepared by the action of sulphuric acid on 
citric acid. Readily decomposed by boiling 
water, acids, or alkalis to acetone and 
carbon dioxide. Gives a violet colour 
with ferric chloride and a white precipitate 
with mercuric sulphate. The acid or its 
ethyl ester reacts with sodium in a manner 
similar to acctoacctic ester. The ester is used 
in organic syntheses. 

Acetone monocarboxylic acid. Sec Aceto¬ 
acetic acid. 

Acetonyl. The name given to the radical 
CHjCOCH, —. 

Acetonylacetone, 2: 5 Hexadione, 

C.H..O,, CH,COCH,CH,COCH„ 

is a colourless liquid which becomes yellow 
on standing. D*> 0 970, B.P. 191 -3°. Miscible 
with water, alcohol, and ether. It is ob¬ 
tained as a by-product in the manufacture 
of acetic acid from acetylene ; also obtained 
by boiling 2 :5-dimcthylfuran with dilute 
sulphuric acid. It readily condenses with 
a variety of substances to give derivatives 
of furan, thiophene, and pyrrole, and is a 
solvent for cellulose acetate. 

Acetophenone, C,H g O. Colourless plates, 
M.P. 19 7°, B.P. 202°, sp. gr. 

1 024 at 25°. Odour resem¬ 
bling bitter almonds. Insoluble 
in water, miscible in all pro¬ 
portions with alcohol, ether, 
and benzene. 

It occurs in coal tar. Prepared by dis¬ 
tillation of an equimolecular mixture of 
calcium acetate and calcium benzoate or by 
the action of acetyl chloride upon benzene 
in the presence of aluminium chloride. 

It has typical kctonic properties, forming 
a characteristic oxime, M.P. 60°, and 
phenylhydrazone, M.P. 105°. It is oxidized 
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Acetoxime 

by potassium permanganate to phenyl- 

g,y ,°t Uused 'ata soporific(hypnone) and as a 
solvent for l _ c ' 1 ' l '“ e crystallises in 

ACe 0n “nn ^ ri is volatile and has an 
— Chloral, M.P. 59". B.P. 
?«“l35" at 730 mm. Soluble in water. 
184 ■if „ . ( , t hi*r Prepared by adding 
to an aqueous solution of 
h aceZxl and allowing the mixture to stand 
CtthU It is decomposed bywarmmg 
with dilute acids into acetone and *»y d *®xy l - 
amine, and is used as a means of isolating 

“1;r: y, X R he aC narg,ven to the rad.ca, 

CI Acet^ation is the name given to any 
process for introducing acety. groups m^ 
Ln organic compound containing -OH or 
—NH, groups. It is carried out by h « at, "J> 
the compound with acetic anhydride or 
acetyl chloride, usually in presence of an 
inert solvent such as benzene or acetic acid. 
In many cases, zinc chloride or pyndxne is 
used to hasten the reaction. 

Acetyl chloride, CH.CO ■ Cl. A cotour- 
less liquid with a pungent odour ; «t fumes 
in moist air, producing acetic andl hydro¬ 
chloric acids. D° 1 130, B.P. 55 - SoU 
ublc in ether and benzene, but reacting with 
water and other -OH compounds Pre¬ 
pared by the distillation of » mixture of 
acetic acid and phosphorus trichloride or 
oxychloride. It is used to prepare acetyl 
derivatives of hydroxy- and ammo-com¬ 
pounds. 

Acetylcholine, C T H„0,N. 

CH,\ /CH. CH. O CO CH, 
CH,-N< 

CH,/ M)H 

A white hygroscopic crysUlline powder, 
soluble in water. Easily hydrolysed to 
choline and acetic acid. It occurs in blood, 
in ergot, and in various plants. It has been 
shown to be liberated at the nerve endings 
on stimulating the parasympathetic nerves 
of animals. It has a very powerful physio¬ 
logical action, producing an effect at a 
dilution of one part in ten millions. It 
causes dilatation of the arteries and a rapid 
fall in blood pressure, its effects being 
similar to those of stimulating the para¬ 
sympathetic nervous system. 

Acetylene, C,H,. A colourless gas, which 
when pure has a pleasant smell; the distance 
between the two carbon atoms in the mole¬ 
cule has been determined and is 1*14 
Angstrom units ; it can be liquefied below 
37° and solidified in liquid air. Acetylene is 
Spiuble in several organic solvents and in 


discovered by E. Davy in 1836 and studied 
by Berthelot in 1862. It is prepared by 
acting on calcium carbide with water, y 
heating methane in the V^sence of a 
catalyst, by heating ethylene to 1100 , and 
in other ways. It is used on a large scale 
in conjunction with oxygen for the produc¬ 
tion of a very hot flame for welding and for 
cutting steel by means of a blow-pipe and 
for lighting ; in the cutting of steel the 
metal is made red-hot by an oxygen- 
acetylene flame, and a jet of oxygen is 
directed on to the hot metal. The oxidation 
of the metal produces enough heat to fuse 
it, and by drawing the blow-pipe along a cut 
can be made. The oxy-acctylene blow-pipe 
is also used in metal spraying; a wire of 
metal is fused by the blow-pipe and dis¬ 
tributed on the surface to be sprayed by 
a stream of compressed air. Fine layers, 
about 0 002 in. thick, of very many metals 
are so deposited on iron, steel, wood, glass, 

paper, etc. . . 

Acetylene is used for the production of 
acetic acid, alcohol, and acetone. It forms 
many compounds with metals and metallic 
salts, some of which are explosive. It 
easily polymerizes at a high temperature, 
forming benzene and other hydrocarbons. 
It can be polymerized to form vinylaccty- 
lcne, CH.sCH-CiCH, which yields 
butadiene, CH,: CH • CH : CH„ chloro- 
prene, CH,: CC1 • CH : CH„ or isoprene, 
which themselves polymerize to form 
rubber-like substances. 

Acetylene dichloride. See Dicliloroethy- 
Icnes. 

Acetylene tetrachloride, si/m-Tetrachloro- 
ethane, HCC1,CHC1„ is a colourless liquid 
with a chloroform-like odour, D t0 1-600, 
B.P. 146-3°. Insoluble in water; miscible 
with benzene ; it is volatile in steam. Manu¬ 
factured by passing chlorine and acetylene 
separately into a solution of antimony 
pcntachloride in acetylene tetrachloride; 
ferric chloride and aluminium chloride are 
also used. It is an excellent solvent for 
fats, oils, resins, cellulose acetate, and 
sulphur and phosphorus. It is non-inflam¬ 
mable, but its vapour is toxic, causing 
jaundice and a fatty degeneration of the 
organs. In presence of moisture, metals are 
slowly attacked by it and dichloroethylcnc 
is formed. Reacts with dilute alkalis to 
give trichloroethylene; more concentrated 
alkalis form the spontaneously explosive 
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mono- and di-chloroacctylenes. Used chiefly 
in the manufacture of trichloroethylene. 

Acetyl methyl carbinol. Sec Acetoin. 

Acetyl radical. The group CH, • CO, 

which occurs in the free state during the 
photolysis of acetone. It is dissociated 
above 60’ into CO and CH 3 . 

Acetyl value. The acetyl value of a fat is 
the number of milligrammes of potassium 
hydroxide required to neutralize the acetic 
acid liberated when one gramme of acetyl- 
ated fat is saponified. It is a measure of the 
number of free hydroxyl groups in the fat. 

Acheson, Edward Goodrich (1856-1931). 
Born at Washington, U.S.A., Achcson was 
compelled at on early age to seek employ¬ 
ment. Mechanically minded and interested 
in electricity, he was engaged by Thomas 
Edison, and worked for him in Italy, 
Belgium, and Holland. Returning to the 
United States he was the pioneer in the 
development of the electric furnace for such 
products as carborundum and graphite. 
The lubricants oildag and aquadag are also 
the results of his researches. He was 
awarded the Perkin Medul of the Society 
of Chemical Industry in 1910. 

Acheson graphite. Colloidal graphite of 
special purity, prepared so as to l»e miscible 
with water (" Aqua-dag") or with oil 
(“ Oil-dag "). 

Achroodextrins. Sec Dextrins. 

Acid. For many purposes an acid may 
be defined as a compound of hydrogen in 
which some or all of the hydrogen atoms 
may be replaced by an atom or atoms of a 
metal, and which is capable of forming 
hydrogen ions when dissolved in water. 
A few acids, for instance, hydrochloric acid, 
HC1; hydrofluoric acid, HF; hydro- 
bromic acid, HBr; hydriodic acid, HI ; 
fluosilicic acid, H,SiF # ; and hydrocyanic 
(prussic) acid, HCN, contain no oxygen 
and no sulphur. Almost all the other 
acids contain oxygen, but in n small 
number of acids the oxygen is replaced by 
sulphur. Almost all acids arc soluble in 
water; most of them have a sharp taste, 
and turn litmus paper red. Most of them 
liberate CO, from a metallic carbonate. 
Most of the inorganic acids may be regarded 
as a compound of an oxide and water. When 
the oxide concerned is an oxide of a metal it 
may happen that the oxide sometimes takes 
part in the formation of an acid and at other 
times acta as a base. 

According to Bronsted and to Lowry, an 
acid is defined as a substance having a 
tendency to lose a proton, thus 

A ^H* + B. 

acid base 


Since free protons arc unlikely to exist in 
solution, acidic properties can appear only if 
the solvent can act as a proton acceptor, 
i.c. as a base. Thus water forms the ion 
H,0\ and it is by virtue of this fact that 
the older definition given above is valid for 
solutions in which the solvent is water. 
For non-aqueous solutions, Bronsted’s 
definition is valid, e.g. ammonia is capable 
of ionizing thus: NH, ^ NH," -f H*, so 
that compounds such as NH,I, which can 
provide protons, exhibit acidic properties 
when dissolved in liquid ammonia, whilst 
substances like sodamide, NaNH„ which 
ionize to give NH, ions, behave as bases. 

The typical organic acids contain the 
group —COOH, or more than one such 
group, for instance, acetic acid CH, * COOH ; 
propionic acid, CH, • CH, • COOH ; benzoic 
acid, C.H, • COOH ; oxalic acid, 

COOH • COOH ; 

tartaric acid, 

COOH•CHOH•CHOU•COOH. 

The organic sulphonic acids form an im¬ 
portant class, including ethyl sulphonic 
acid, C,H,SO,H, and the various naphtha¬ 
lene sulphonic acids. These acids do not 
contain a —COOH group, but they arc 
true acids. On the other hand, carbolic 
acid, C,H,OH, and picric acid, 

C«H,(NO,),OH, 

behave like acids, but are not usually 
considered as acids, presumably because 
they contain no —COOH group and in 
structure resemble the alcohols. See Friend, 
Inorg. Chcm. t Vol. I, p. 191. 

Acid dyes arc the sodium salts of the 
sulphonic acids, as well as of such dyes as 
contain phenol groups associated with nitro 
groups. They are substantive to wool, upon 
which they fix themselves from a bath 
acidified with dilute sulphuric or acetic acid. 
They do not form lakes with tannin. They 
have little affinity for cotton. 

Acid egg. Device, made of acid-resistant 
material, into which acid is run, to be 
distributed by means of compressed air 
through pipework, a valve being provided 
to close the inlet when pressure is applied. 

Acid exchange resins. Synthetic resins, 
usually of the amino group, which have the 
property of absorbing anions from media 
with which they are in contact. They are 
used in conjunction with base exchange 
resins for the removal of unwanted salts 
and impurities from aqueous systems. 

Acidol. Sec Betaine. 

Acid (steel or process). Used with reference 
to the nature of the slag in steel production. 



Acid 

Add tar. A tarry residue produced in 
the Set «fimng of petroleum fractions w.th 

SU Add n vJae d The acid value of a fat is 
,hf number of milligrammes of potassium 
"ride required to neutralize one gramme 
Jf [he fat. using phenolphthalein as an 
U is therefore a measure of the 
. __w. of hydrolysis of the fat. 

&te, monkshood, or wolfbane. is the 
(1 r ,v<l mot of Aamiturn napellus It contains 
♦he intensely poisonous alkaloid aconitine 
In which it owes its medicinal properties. 
U is used internally to a slight extent as a 
febrifuge and for the preparation of lini¬ 
ments and pigments to be applied to the 
skin to relieve the pain of neuralgia and 

rh AcODlticTacid, C.H.O., The most easily 
obtained form is the trans acid, this crystal- 
lizes in 

a n . A 4 O CH, . COOH 

leaflets, M.P. » 

with decomposition. C—COOH 

Soluble in water, 
sparingly soluble in H OOC—CH 
ether. It can be 

prepared by dehydrating citric acid with 
50 % sulphuric acid. It is present in cane 
molasses. 

The cis form has M.P. 125 and is con¬ 
verted into the tram form on heating. 

Aconitine. C, 0 H,,O,<OCH,) 4 (OH),N. 
Structural formula unknown. Colourless 
hexagonal crystals. M.P. 204°. Very slightly 
soluble in water, soluble in 40 parts of 
alcohol. [aJ D + 17-3° in chloroform. It is 
an intensely poisonous alkaloid obtained 
from Aconitum napellus and is used in the 
form of an ointment for facial neuralgia. 

Acridine, C„H,N. A M A 

Crystallizes in colourless 
needles. M.P. 111°. It is I 9 | 10 | 2 | 

soluble in alcohol and | 7 | | 3 | 

sparingly soluble in hot 
water. It occurs in the 
high-boiling fraction of coal tar. 

Acriflavine, 2 : 8 diaminoacridine metho- 
chloride, C 14 H 14 N,C1. Orange-red crystals, 
soluble in water and 
alcohol. It can be 
prepared by methy¬ 
lating proflavine. 

The commercial pro¬ 
duct is a mixture 
of the hydro¬ 
chlorides of the 
above substance and of 2 : 8 diaminoacri¬ 
dine. It has a very powerful bactericidal 
action and is largely used for wound 
dressings. It has limited use as a dyestuff. 

Acrolein, Acraldehyde, Acrylic aldehyde, 

C,H 4 0, CH, : CH • CHO. A colourless, 


H 



H, 


N 


CH^Cl 


Activated 

volatile liquid, with characteristic odour. 
The vapour is poisonous, and intensely 
irritating to eyes and nose. D*° 0-8410, 
B.P. 52°. Soluble in water and alcohol. It 
is prepared by the distillation of a mixture 
of glycerin, potassium sulphate, and po¬ 
tassium bisulphate. It is manufactured 
by the thermal cracking of diallyl ether 
(a by-product in the manufacture of allyl 
alcohol). 

When exposed to sunlight, it is converted 
to a white insoluble resin, disacryl. Oxidized 
by air to acrylic acid; small amounts of 
hydroquinone will inhibit this. Bromine 
forms a dibromide which is converted by 
barium hydroxide into DL-fructose. The 
acrid odour of burning fats is due to traces 
of acrolein. It was used as a tear gas, but 
was found to be unsatisfactory, and has 
been superseded by other chemicals. 

Acrylic acid, Vinylformic acid, C,H 4 0„ 
CH,: CH • COOH, is a colourless liquid 
having an odour resembling that of acetic 
acid, D>« 1-062, M.P. 13°, B.P. 141°. It 
is miscible with water. Prepared by 
oxidizing acrolein with moist silver oxide, 
or treating /J-hydroxy-propionitrile with 
sulphuric acid. Slowly converted to a resin 
at ordinary temperatures. Important glass¬ 
like resins from ethyl acrylate and methyl 
acrylntc are now manufactured. 

Actiniohsematin. A respiratory catalyst 
of the same type as helicornbin which occurs 
in certain actinic. It contains ham, but 
has a different protein constituent from that 
of hemoglobin. 

Actinium, Ac. At. no. 89, At. wt. 227. 
A member of the actinium radioactive 
decay series, which is formed from proto- 
actinium by the loss of an a-particle, and 
itself decomposes with emission of 0- and 
y-rays, forming radioactinium. The ele¬ 
ment has a half-life period of 28-8 years. 
The actinium scries arises from the uranium 
isotope of mass 235 (which is obtained from 
U m via neptunium and plutonium), which 
explains the presence of members of the 
actinium series in uranium minerals and 
the non-occurrence of actinium minerals 
free from uranium. 

Other members of the actinium series are 
denoted by a suffix (e.g. actinium A, B, C, 
C', etc.). Actinium may be concentrated 
by normal chemical methods of separation, 
and behaves as a trivalcnt element of 
Group III of the periodic table. 

Actinon. See Emanation. 

Activated adsorption. There are two 
types of adsorption ; in one the association 
between the two phases is physical and in 
the other chemical. The first is the most 
common and, since van der Waals' forces 



Active 


Activated 1 

are involved, is known as van der Wools' 
adsorption. The second type involves 
chemical forces and is characterized by a 
high activation energy and so is sometimes 
called activated adsorption. Since chemical 
forces arc involved, this type of adsorption 
is frequently irreversible, giving rise to 
chemisorption. 

Activated molecule. Molecules will only 
react on collision when they possess more 
than a certain minimum amount of energy. 
A molecule which has acquired more 
energy than the average amount possessed 
by other molecules, and is therefore in a 
more reactive condition, is said to be acti¬ 
vated. Molecules are activated, e.g. when 
they absorb a quantum of light, or after 
coming in contact with a hot surface. 

Activation energy. The average energy 
possessed by molecules is usually insufficient 
to enable them to undergo reaction. The 
excess energy, above this average energy, 
needed by the molecules for reaction is 
termed activation energy. 

Activators. Many accelerators (q.v.) 
require the presence of a metallic oxide or 
other compound to bring out their full 
activity. The most important activator is 
zinc oxide, but other compounds, such as 
zinc stearate, zinc laurate, magnesia, and 
litharge, have been used for special purposes. 

Active carbon. Carbon is an excellent 
adsorbent for the removal of small traces of 
impurities from an inert material, as it 
possesses an extremely high surface area 
and hence general adsorptive properties and 
is also highly specific in action, adsorbing 
one material and excluding another. This 
enables carbon to be used in the fractiona¬ 
tion of the inert gases and also explains its 
efficient action in a gas mask which may be 
saturated with water. Another feature of 
adsorption by carbon is that the bulk of 
the adsorption takes place at low relative 
pressures. 

The charcoal produced by carbonization 
of wood or other porous materials, such as 
scrap rubber, although possessing a large 
surface area, is not a very good adsorbent, 
as its surface is covered by chemically held 
hydrogen or hydrocarbon groups. These 
latter are tenaciously held but can be 
removed by oxidation at high temperatures, 
treatment with chlorine, etc., and it is 
found that the hydrogen content is roughly 
in inverse proportion to the adsorption 
capacity. 

In order to activate carbon, it is treated 
at a high temperature with steam, air, or 
carbon dioxide. These reagents have the 
effect of removing hydrogen from the 
surface of the carbon and also of increasing 


the specific surface by oxidation of the 
carbon itself, capillaries being opened up 
and made available for access of foreign 
molecules. Activation can also be made to 
take place by means of solid agents such as 
phosphoric acid or zinc chloride, most of 
which are dehydrating agents. The surface 
of carbon is normally covered with a film 
of chemically held oxygen. Sec Adsorption. 

Active centres. Modern theories of cat¬ 
alysis generally agree in postulating adsorp¬ 
tion of the reactants on the catalyst, by 
either physical or chemical forces. It is 
found that, in many cases, the addition of 
catalyst poisons inhibits the reaction by 
adsorption of the foreign substance on the 
catalyst, and that the amount of material 
required to do this is very much less than 
that required to form a unimolccular layer 
on the surface. The conclusion is that a 
small number of active spots on the surface 
are responsible for the catalysis, the re¬ 
mainder acting merely as an inert carrier. 
These active centres arc presumed to be 
peak atoms on surface irregularities, and 
are not firmly bound to the mass material. 
Thermochemical data confirm the existence 
of active centres and indicate, in the case of 
carbon for example, that the small propor¬ 
tion of active surface atoms are in a condi¬ 
tion half way between those in a normal 
lattice and the vaporized solid. The idea 
of active centres has been extended to 
enzymes and bacterial action. See Adsorp¬ 
tion, Catalysis, Surface Compounds. 

Active earths. In the refining of oils and 
fats, adsorbents are used for decolorizing 
and for the removal of unsaturated com¬ 
pounds. The chief materials used for this 
purpose are charcoal, silica gel, roasted 
bauxite, and a number of naturally occurring 
silicates such as fuller’s earth, and colloidal 
clays. Some of these earths arc active in 
the natural state, but others have to be 
activated by treatment with acid which 
washes away soluble constituents, opens the 
pores and precipitates silica. Reference : 
O. Kausch, " Das Kieselsikuregel und die 
Bleichcrden.” See Adsorption, Bauxite, 
Fuller’s earth, Silica gel. 

Active maw. The product of the affinity 
of a reacting substance and its concentration. 
Consider the “ reversible ” reaction 

A + BC ^ AB + C 

occurring under given conditions ; starting 
with pure A and pure BC, a condition of 
equilibrium is ultimately set up in which 
constant proportions of A, C, BC, and AB 
are present. If more A is now added, more 
AB and C are formed until a new condition 
of equilibrium is reached; it thus appears 
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. nf A has increased ; this is, 

th8t the « 0 or *s; e(rcct of A is not 

St on “onaffinity, but on its 
d mnitv and its concentration. In g enera l, 
fo a reversible reaction the extent to wh.ch a 
articular chemical change occurs is pro¬ 
portional not to the affinities, but to (he octree 
mosses °! ,he ,eac,in 8 substances, (fore of 
ZT, Action.) It follows from th.s that in the 
f£“vc reaction, denoting concentrat.ons by 
square brackets, 

[AfLxiC]_ acon sUnt 

(the equilibrium constant). 

if the concentrations of any of the substances 
present are changed, reaction occurs until 
this condition is again satisfied. 

Activity. The activity (a) of an electro- 
Ivtc is the effective concentration which 
must be substituted for the apparent 
concentration (c) to make the law of mass 
action applicable. The ratio a/c is termed 
the activity coefficient Direct experimental 
determination of individual ion activities is 
not possible and it is usual to employ the 
mean activity of the electrolyte in place of 
the activity of the individual ions. 

Acyclic. Sec Aliphatic. 

Acyl. The general name for organic 
acid radicals, which are the residues of 
carboxylic acids after removal of the Oil 
group, e.g. acetyl chloride, CH,CO • Cl, is 
the acyl chloride formed from acetic acid, 
CHjCO • OH. The names of the individual 
acyl radicals are formed by replacing the -ic 
of the acid by -yl. 

Acyloins are a0-keto alcohols of the type 
R • CO • CHR' • OH. See Acetoin, Benzoin. 

Adams, Roger (1889- ). Bom at 

Boston, Massachusetts, Adams studied at 
Harvard and Berlin. In 1916 he went to 
the University of Illinois as associate 
professor of organic chemistry, becoming 
professor in 1919, and head of the Chemical 
Department in 1926. His contributions to 
organic chemistry, which are numerous and 
cover a wide field, gained him the Nichols 
Medal in 1927, and the Gibbs Medal in 1936. 
He was President of the American Chemical 
Society in 1935. 

Additive volumes. Law of. The volume 
occupied by a mixture of gases is equal 
to the sum of the volumes which would 

be occupied by the- 

constituents under N = C_NH 

the same conditions 
of temperature and HC C—N 

TdTna.e. The I I >» 

enzyme responsible N—C—N-CH • 

for deaminating ade- 1— 

nine to hypoxanthine. 


Adenine, 6-Aminopurine, CjH 6 N s . 
Adenine crystallizes in M=C-NHi 
long rhombic needles with I I 
three molecules of water HC C—: 
which it loses at 110°. If , | yCH 

carefully heated it sub- 
limes at 220°, more rapidly 
heated it melts at 360°-365°, with decom¬ 
position. It is almost insoluble in cold 
water, and more soluble (1 part in 40) in 
hot water. It is sparingly soluble in alcohol. 
Adenine is a constituent of the nucleic acid 
portion of nucleoproteins, and, combined as 
adenyl pyrophosphate, it plays an important 
part in the chemistry of muscular contrac¬ 
tion. Sec “ Nucleic Acids,” by Jones, and 
“ Nucleic Acids,” by Levcnc and Bass. 

Adenosine, Adenine riboside. 

N«=C—NH, 

hJ: n 


nr 


\CH OH OH 
—ch—( in—CH—CH • CH^II 
I-o- 1 

Crystallizes in long thin needles, M.P. 229\ 
soluble in water, insoluble in alcohol, 
1°0d A nucleoside consisting of 

one molecule of adenine combined with one 
molecule of the pentose d -ribose, and form¬ 
ing part of the structure of ribose nucleic 
acid. 

Adenylic acid, Adenosine phosphoric acid. 

A nucleotide, consisting of a molecule of 
adenine connected through d -ribose to 
phosphoric acid. The adenylic acid which 
exists free in muscle is adcnosinc-5-phos- 
phoric acid— 

OH OH OH 


C t H 4 N 4 —CH 


■ini 


H • CH 


OH 

CH .o—k=o 


Adenylic acid present as a constituent of 
ribose nucleic acid is adenosine-3-phosphoric 
acid— 

OH 


C 4 H 4 N t —CH CH 


w- 

• CH • CH— 


01,011 


/-O 

OH 


Adenyl pyrophosphate, adenosine tri¬ 
phosphate. This substance plays a very 


OH OH OH OH OH 

til til CH CH, O—P—O—P—O -1» OH 
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important part in many metabolic pro¬ 
cesses. It acts as a co-enzyme for phos- 
phorylating enzymes and has special im¬ 
portance in that two of its phosphate groups 
are attached by energy-rich bonds, and the 
formation of adenosine triphosphate (ATP) 
from adenosine diphosphate (ADP) during 
the oxidation of carbohydrate leads to part 
of the energy of the process being trans¬ 
ferred to ATP. The breakdown of ATP 
is an important step in the provision of the 
necessary energy for muscular contraction. 
Sec “Dynamic Aspects of Biochemistry” 
by Baldwin. 

Adhesive. Any material which will wet 
two surfaces which have to be joined and 
can be solidified so as to form a joint. (Cf. 
Reports of the Adhesives Research Com¬ 
mittee, London, 1022, 1020, 1032.) 

Adiabatic change. An adiabatic change 
is one in which heat is neither added to, nor 
allowed to escape from, the system during 
the change. 

Adipic acid, C,H M 0 4 , 

HO OC[CH,j 4 CO • OH, 

crystallizes in colourless plates, M.P. 153°. 
It is slightly soluble in water, but readily 
forms heavily supersaturated solutions; 
soluble in alcohol and ether. Present in 
beet-juice; prepared by the nitric acid 
oxidation of cyclohcxanol, or by reduction 
of tnucic and saccharic acids. Distillation 
of its calcium salt gives cyclopentanone. 
It forms long chain polymers with diamines 
and is used in the manufacture of Nylon. 

Admiralty metal. Sec Dczincilicntion. 

Adonitol, C,H,,Oj, is the carbohydrate 
alcohol corresponding to the pentose sugur 
ribose. It is found in Adonis vernal is, 
crystallizes in prisms, M.P. 102°, is optically 
inactive and has a sweet taste. 

Adrenaline, Epinephrin, Suprarenin, 
C,H„0,N. 

Ho/\-CH(OH) • CH, • NH CH, 

H< V 

Colourless crystals, M.P. 211°-212\ Insol¬ 
uble in water and most organic solvents; 
soluble in mineral acids. The naturally 
occurring substance is lsevorotatory [a] D — 
53° in hydrochloric acid. Adrenaline was one 
of the first of the hormones to be discovered 
and its effects investigated. It is the 
active principle of the suprarenal medulla, 
and is obtained from the suprarenal glands 
(usually of oxen). Injected intravenously, 
it causes constriction of the arterioles and 
a rise in blood pressure. It also increases 
the sugar content of the blood, acting antag¬ 
onistically to insulin. In general the effects 


of adrenaline arc similar to those of stimu¬ 
lating the sympathetic nerves, and it is 
postulated that stimulation of the sym¬ 
pathetic nerves causes the production of 
an adrenalinc-like substance at the nerve 
endings. 

Adsorbate. The material which is ad¬ 
sorbed on an adsorbent surface. 

Adsorbent. A body on which adsorption 
takes place. 

Adsorption. The abnormal condition of 
the atoms on the surface of a solid or liquid 
makes these tend to take up foreign atoms 
from their surroundings in order to reduce 
the surface energy. This is manifest by 
liquids as surface tension lowering and by 
solids as adsorption. Adsorption which is 
thus the local concentration of a substance 
at an interface, takes place at all surfaces, 
but its magnitude only becomes sufficiently 
great to be easily noticeable in very porous 
solids of large specific surface, such as 
charcoal and silica gel, which are able, by 
adsorption, to lower the pressure of a gas, 
or concentration of a solution with which 
they are placed in contact. 

It is now generally believed that adsorp¬ 
tion normally takes place by the formation 
of a unimolecular layer on the surface, but 
in some cases multiple layers arc undoubt¬ 
edly formed. The forces which bind the 
adsorbed layer to the surface may be 
physical or chemical in nature, also a 
physically held material may gradually 
undergo chemical reaction with the surface. 
Furthermore, physical adsorption may be 
followed by a gradual diffusion of the 
adsorbed molecules from the surface into 
the interior of the solid. 

Adsorption is of direct technical applica¬ 
tion in the purifying of materials, drying of 
gases, production of high vacua, etc. Ad¬ 
sorption phenomena arc the basis of all 
colloidal and emulsification behaviour as 
well as of catalysis. References : McBain, 
“ Sorption of Gases by Solids ”; N. K. 
Adam, " Chemistry and Physics of Sur¬ 
faces.” See also Activated adsorption, 
Chemisorption, Capillary condensation. 

Adsorption theory (ol catalysis). See 
Catalysis, Mechanism of. 

firosol, ASroceL The type of dispersion 
in which a finely divided solid i9 suspended 
in a gas is common, and is exemplified by 
smoke. When the dispersion medium is 
air and the particles are of colloidal dimen¬ 
sions, the system is termed an terosol. 
-Erosols can often be formed by the rapid 
condensation of a vapour such as that of 
a metal oxide. Nickel icrosols have been 
made by vaporization of the metal in the 
arc or by heating nickel carbonyl vapour. 



iEsculin 
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such sols, nickel 


By condensation of 

the Stable dust some- 
times formed by volcanic eruption are 
naturally occurring arogels. 

/Eerosol is also a trade name for certain 
wetting agents, most of which ate esters 
Of sodium sulphosuccimc ac.d . XmM 
OT Dry is the dioctyl ester and is the most 
powerful wetting agent yet discovered. 

iEsculin, C u H w O„ the best known of the 
coumarin glycosides to »» . 

It consists of glucose attached at position 6 
to 6:7-dihydroxycoumarin. It is found m 
horse-chestnut bark and leaves. 
iEtiophyllin. See Chlorophyll. 
jEtioporphyrin. Sec Porphyrins. 

Affinity, chemical. The chemical affinity 
of one substance for another is a measure 
of the tendency of the two substances to 
enter into chemical combination. The 
concept of affinity dates from the early 
days of chemistry; Geoffrey (1718) anti 
Bergmann (1775) defined the idea as 
follows : considering three substances A, B. 
and C, if A has a stronger affinity for B 
than C has, A will decompose the compound 
BC, turning out C and forming AB. On this 
basis, tables were drawn up comparing the 
affinities of groups of substances for a given 
substance. The term ** affinity of a chemical 
reaction *’ is now used to denote the change 
of free energy in the system when the re¬ 
action takes place, which is a true measure 
of the tendency to react. 

Agalite. A variety of talc mainly used 
in the American paper industry to give body 
and gloss to paper. 

Agar-agar. Dried seaweed obtained from 
various red algar from Eastern Asia. After 
dissolving in boiling water, the cell-walls of 
the seaweed set to a jelly in which form 
it is largely used as a medium for cultivating 
bacteria and moulds. It is also used as a 
laxative. 

It is extracted by hot water from various 
marine alg® of the Rhodophycca. The 
main carbohydrate portion consists of 
0-galactopyranosc units linked at position 
1 : 3. Agar is thought to be an ethereal 
sulphate, this group substituting Oil on 
carbon 0. 

acid, Laricic acid, 

CH•COOH 


Agaricin. 


c„h 40 o 


Agaric 

.. 7 , HH,0. 

Silvery leaflets, sol¬ 
uble in 130 parts of 
water. Dehydrates 
at 100°. M.P. 142°, 
with decomposition. 
Obtained from 


C U H„ 


°» 

MXX)H 
CH, • COOH 
Fotnes officinalis, a fungus growing on larch 


Aggregate 

trees It produces contraction of plain 
muscle and is given medicinally to control 
the night sweats of phthisis. 

Aeeing The deterioration or perishing 
of Sized rubber, indicated by harden- 
ing. cracking, and loss of tensile strength 

and elasticity. Changes in colour, externa 

aspect, and in physical, mechanical, and 

chemical properties ocTuraeeord.ngtothe 

quality of the rubber and the duration of 
ageing. Ageing is mitigated by the use o 
good quality materials, careful contr< J 1 
vulcanizing conditions, storing away from 
sunlight, and the use of ant.-ox.dants 
(o.u.). Even minute traces of the salts ot 
some metals, particularly copper and man¬ 
ganese. greatly accelerate the ageing of 
rubber. The most important chemical 
change, at any rate during the later stages 
of ageing, is the formation of acetone-soluble 
oxidation products. 

A phenomenon, observed in certain 
metals and their alloys, which is associated 
with a change in properties with time. 
Duralumin exhibits an age-hardening. If it 
is heat treated and then quenched it only 
attains its maximum strength after about 
four hours. Other aluminium alloys of the 
duralumin and kindred types show similar 
properties, but some of them have to be 
submitted to an artificial age-hardening 
process, as they do not harden spontane¬ 
ously like duralumin. This is often re¬ 
ferred to as n precipitation heat treatment. 
Aldrey is an alloy that requires this treat¬ 
ment. but in this case there is a decrease in 
hardness and strength, but an increase in 
electrical conductivity. Invar exhibits age¬ 
ing properties in yet another way : after 
cooling it does not reach a final volume for 
a long time. Ageing in metals and alloys 
is caused by undercooling, giving a super¬ 
saturated solution, in the same way as it is 
possible to undercool a solution of Na t S,0, 
in water. 

Aggregate, pieces of material which are, 
or can be, united by a cementitious sub¬ 
stance or bond, to form a solid mass. In 
concrete the aggregate consists of crushed 
stone, slag, or clinker and sand, united by 
Portland or other cement. In bricks and 
other ceramic materials, particles of non¬ 
plastic materials form the aggregate; they 
are united by plastic clay when in the green 
or unfired state and later (in the burned 
state) by a crude glass which fuses and, on 
cooling, solidifies and forms the bond. In 
silica bricks, the silica is the aggregate 
and the bond is a crude glass formed by 
the combination of added lime and some 
of the silica. The sizes, shapes, and me¬ 
chanical properties of the pieces forming an 
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aggregate have a great influence on the 
properties of the bonded product. 

Agitation. The process of inducing suffi¬ 
cient motion in a heterogeneous system to 
produce n uniform product. Normally 
applied to the mixing of two liquids, the 
solution of a solid in a liquid, or the stirring 
of a liquid to maintain the mass uniform in 
some respect, e.g. temperature. 

Aglucone, Aglycone. The term collec¬ 
tively used for the non-sugar portion of a 
glucosidc (glycoside) which is split off from 
the sugar on hydrolysis by means of acids or 
enzymes. 

Agmatine, 4-Gnanidinobutylamine, 
C.H lt N 4 , 

H,N(CH,) 4 • NH C • NH,, 

iHh 

a base obtained from herring spawn, in 
which it may be derived from arginine by 
decarboxylation. It has also been obtained 
from ergot. If injected into animals it 
lowers the blood sugar content and hence 
has been proposed as a substitute for 
insulin, but the effect seems to be toxic. 

Agricola, George, was bom at Glauchau, 
Saxony, in 1404; he studied medicine 
and metallurgy, and his book, “ De Re 
Mctallica," gives a useful account of 
metallurgy as it was then. He died at 
Chemnitz in 1555. 

Aich’s metal. Sec Muntz metal. 

Air. Normal dry air has the following 
composition by volume: 


Nitrogen . 

Oxygen . 

Argon 

Carbon dioxide 
Neon 

Helium . 

Krypton . 

Xenon 

Radium emanation 


78 08 %. 

20 04 %. 

0 0325 %. 

0 03 %. 

0 0018 %. 

0 0005 %. 

0 0001 %. 

0 000000 %. 
0 X 10“ %. 


The content of water vapour varies between 
wide limits according to atmospheric condi¬ 
tions. The physical constants of dry air 
are as follows: d 1-2028 gm. per litre at 0° 
and 760 mm. pressure ; specific heats 0-2306 
at constant pressure, 0-1707 at constant 
volume (ratio, 1-403); coefficient of ther¬ 
mal expansion 0 0003665 per degree between 
— 30° and 200’; gas constant R, 2-1520 
X 10* (pressure in mm., volume in c.c. per 
gm.). Air can be liquefied by strong cooling 
under high pressure, the process being 
facilitated by the cooling effect produced 
by rapid expansion of air into a partial 
vacuum ; the liquid is pale blue, owing to 
the presence of liquid oxygen ; its B.P. 


at atmospheric pressure varies from —102°, 
when freshly prepared, to —185°, when 
the more volatile constituent, nitrogen, 
has boiled off. d = approx. 0-0. Liquid air 
is readily manipulated and kept in vacuum- 
jacketed (“ Dewar") vessels, and is much 
used in the laboratory for obtaining low 
temperatures, both directly and indirectly, 
by adding it to liquids, such as alcohol, 
ether, etc. 

Air conditioning. The control of atmo¬ 
spheric conditions with special reference to 
such factors as humidity, temperature, and 
removal of dirt. Frequently necessary in 
certain stages of the manufacture of papers 
and textiles to secure the required moisture 
content in the product. 

Air-conditioning equipment. For normal 
requirements an air-conditioning plant con¬ 
sists of a chamber in passing through which 
the air is humidified by w-ater sprays, an 
eliminator consisting of a scries of baffle 
plates which removes all entrained moisture, 
and a series of heating coils for regulating 
the temperature of the air current. 

Air cooling. Sec Air hardening. 

Air elntriation. See Elutriation. 

Air filters. These nrc designed to remove 
suspended solids, and in certain cases 
liquids, from air or gases where the object 
is the purification of the gas and not the 
recovery of the suspended matter. In 
general they consist of a space packed with 
steel wool, or some other suitable material, 
soaked in oil, or alternatively, a scries of 
plates or vanes coated in oil. If sufficient 
turbulence is created in the gas during its 
passage through the filter all the suspended 
particles come in contact with, and adhere 
to, the oiled surface. 

A type of filter more suited to the removal 
of liquids is a tower packed with a material 
such as graded coke. This is frequently 
used in conjunction with an electrostatic 
precipitator in such processes as the 
removal of sulphuric acid mist. 

If the object of the filtration is the re¬ 
covery of the suspended matter a cyclone 
separator, bag filter, or electrostatic pre¬ 
cipitator would be more suitable. 

Air filtration. The separation from air 
or some other gas of finely divided solids. 
The plant used to effect this may be a 
cyclone separator, bag filter,. Cottrell pre¬ 
cipitator, or, if the object is to secure a 
supply of clean air and not to recover the 
suspended solids, a special air filter. 

Air filtration is the most convenient 
method for recovering solids which are too 
small to be retained by the finest screen in 
general commercial use, i.c. 2001.M.M. mesh. 
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.. uoripnine* Method of hardening steel 

K TTt to cool naturally in air, or 
by allovrmg tt qucnching ). Ccmcn- 

wl Ui an a stec | containing about 

UUC 81 «nt C. and 5-8 per cent. W.) 
,. 5 per eenl_ and are refcrred to as 

air-hardening- self-hardening, air-qucnched. 

etc :. aeitator. Air-lift agitators of 
££ A common is the Dorr machine 
wh .chthem ,. ndrical tail k in which is 

COn m S tcd a slowly rotating central shaft 
•n^ sludge rakes at the bottom and a 
carding si * aboV c the surface of the 

‘“fth'shafttahollow. and serves os 
an air lTft, compressed air being fed to the 
basc of the shaft by a p.p* runn.ng down 
it The sludge collecting at the 
in . nf the tank is swept to the centre 
" rakes elevated in the air lift and 
^ h«Ved on to the rotating launder, 
whence it is distributed over the surface of 

th Air ouenching. See Air hardening. 

Air separation is carried out in exactly 
thfsamc manner, and in the same plant as 
air elutriation, the only difference being that 
in this case the particles are of approxi¬ 
mately the same size but of different den¬ 
sities, whereas in air elutriation they are of 
uniform density, but vary in size. 

Air tinting. Production of oxidation 
ftourcs on a polished steel surface (which 
may first be treated with acid) by heating 
in air in order to show up the structure (heat 

or temper tinting). . . 

Akins classifier. This consists of a 
shallow trough in which arc one or more 
slowly revolving helixes. The gap between 
the side of the trough and the helix is small, 
and consequently the coarse particles are 
gradually raked to one end of the trough, 
where they are discharged ; the fines remain 
in suspension and overflow at the other end 
of the classifier. 

Alabamine (Eka-iodine). A name sug¬ 
gested for element number 85 by Allison 
of the University of Alabama, who claimed 
to have detected the element (1932) in 
monazite. Although Allison’s evidence has 
been adversely criticized, an isotope of 
element 85 is obtained by bombarding 
bismuth with very energetic a-particles : 
„Bi + ,Hc ,*At the product being 
identified by its radioactive decay. 

From its position in the periodic table 
it should be a member of the halogen 
family. The name “ Astatine ” has recently 
been proposed for element 85. 

Alabaster. A fine-grained form of the 
mineral gypsum, CaS0 4 , 2H t O, resembling 
marble in appearance, and sometimes con- 


Aleian 

taining handsome vcining and mottling. 
Occurs with gypsum. Sp. gr 2 30-2-33 
Hardness. 2. Alabaster is soft and easy 
to carve and polish, and may be artificially 
coloured; it is therefore much used for 
ornamental purposes. The term alabaster 
has been applied to a form of calcitc ( q.v .), 
which is harder, and, unlike true alabaster, 
cannot be scratched with the finger-nail. 

a-Alanine, a-Aminopropionic acid, 
C 5 H 7 OjN. 

CH. CH COOH 




H, 


Crystallizes in rhombic prisms, M.P. 297% 
with effervescence. Soluble in 4 to 5 parts 
of water, insoluble in alcohol. The natur¬ 
ally occurring substance is dextrorotatory 
f a i*» + 2-58°. It is one of the amino- 
acids obtained by the hydrolysis of proteins. 

B . Alanine, P - aminopropionic acid, 
H t N . CH,. CH, . COOH, has M.P. 190^ 
(with decomposition). Is soluble in water, 
sparingly soluble in alcohol. It can be 
prepared by the action of sodium hypo- 
bromitc on succinimide. It is of interest 
as forming part of the molecule of panto¬ 
thenic acid and is a step in the manufacture 
of this vitamin both in the laboratory and 
the living organism. 

Albert us Magnus (1193-1280). Albert 
von BolbUdt or Albertus Magnus, Doctor 
Universalis, was bom at Lauingcn in Suabia. 
In 1223 he joined the Dominican order, and 
after several years spent in travel and in 
teaching, he returned to Cologne with 
Thomas Aquinas to organize the Studium 
generate. Later he became Bishop of 
Hatisbon (1260) and Lector at Cologne 
(1262). Teacher, preacher, writer, and 
philosopher, Albertus possessed a great 
love of experimental science. 

Albuminoids. See Sclcroprotcins. 

Albumins. A widely distributed class of 
proteins, soluble in water and coagulated by 
heating. They can be distinguished from 
the rather similar globulins in that they are 
not precipitated by half saturation with 
ammonium sulphate. Typical albumins 
are ovalbumin from eggs and lactalbumin 
from milk. 

Albumoses. See Proteoses. 

Alchlor process. Method of refining lubri¬ 
cating oil involving the use of aluminium 
chloride instead of sulphuric acid or sol¬ 
vents. The unstable constituents arc re¬ 
moved without impairing the lubricating 
properties of the oil. 

Alcian Blue. A new dyestuff, Alcian 
Blue 8GS, was introduced in 1947 by Im¬ 
perial Chemical Industries, Ltd. It is a 
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soluble phthalocyanine derivative, made by 
the chloromcthylation of Monastral Fast 
Blue and the interaction of the product to 
give an “ ionium ” salt of copper methyl 
phthulocyanine. The dye can lx* impreg¬ 
nated into the librc and made insoluble by 
subsequent treatment. 

Alclad. An American trade name for a 
composite material consisting of duralumin 
coated with a layer of aluminium of high 
purity in order to combine mechanical 
strength with resistance to corrosion. It 
is one of the standard structural materials 
for aircraft frames. 

Alcohol, Ethyl alcohol, Ethanol, Spirits of 
wine, C,H„0, CH,CH,OH. is a colourless 
liquid with a pleasant odour, D u 0-7930, 
B.P. 78 32°. Miscible with water with 
evolution of heat nnd contraction in volume ; 
pure alcohol absorbs water vapour. Many 
gases arc more soluble in it than in water. 
Some inorganic salts and most organic 
compounds are soluble in alcohol. Although 
the name “ alcohol ” seems to be of Arabic 
origin, it was probably discovered first in 
Italy during the 13th-15th centuries. It was 
not obtained free from water until the end 
of the 18th century, and its composition 
was determined by de Saussure in 1808. 
It occurs only rarely in nature, except as a 
result of the fermentation of sugary plant 
juices by yeasts, and, less often, by certain 
bacteria and moulds. Manufactured from 
starchy or sugary materials by fermenta¬ 
tion with yeast. The process is essentially 
similar to that of brewing. Materials used 
include potatoes, oats, barley, maize, 
molasses, and the waste liquor from the 
sulphite process for paper pulp. As the 
yeast is unable to convert starch to alcohol, 
it is necessary to break down the starch in 
potatoes and grain to sugars. This is done 
by mashing the material with malt, which 
contains an enzyme, diastase, capable of 
changing starch into fermentable sugars. 
The malted liquor is then sown with a pure 
culture of yeast and allowed to ferment. 
The initial temperature of fermentation 
should be below 25° to prevent the forma¬ 
tion of large amounts of fusel oil. In the 
case of molasses, from which much of the 
industrial alcohol is now made, a diluted 
liquor of specific gravity 1060-1070 is made 
and this Is sown with a pure culture of 
yeast. It is usual to acidify the liquor to 
check the growth of undesirable bacteria, 
and ammonium sulphate may be added to 
serve as a source of nitrogen for the yeast. 
The processes involved in the conversion of 
sugars to alcohol by yeast are complex and 
not yet fully understood. It is a series of 
reactions brought about by the enzymes 


produced by the yeast. The sugar is first 
converted to a hexosediphosphate by 
means of the co-enzyme, co-zymase : the 
diphosphate is broken down to two mole¬ 
cules of phosphodihydroxyacetone. This is 
converted to a mixture of phosphoglycerol 
and phosphoglyceric acid, probably with 
the intermediate formation of phospho- 
glyceraldehyde. Phosphoglyceric acid is 
changed to phosphopyruvic acid, which 
reacts with another molecule of sugar to 
give pyruvic acid and hexosediphosphate. 
Pyruvic acid is split up by the enzyme 
carboxylase into carbon dioxide and 
acetaldehyde; the latter product reacts 
with a breakdown product of hexose¬ 
diphosphate, probably phosphoglyceralde- 
hyde, to give phosphoglyceric acid and 
alcohol. The co-enzyme is necessary for 
the transfer of phosphoric acid from one 
molecule to another. The dilute alcoholic 
liquors produced by fermentation are dis¬ 
tilled to obtain the alcohol. Distillation 
at atmospheric pressure will not yield an 
alcohol containing less than 4-4 per cent, 
water. Absolute, or 100 per cent, alcohol, 
is now made from the 95-6 per cent, spirit 
by distilling this with another liquid such 
as benzene, trichlorethylcnc, or a mixture 
of benzene and low-boiling petroleum spirit. 
These liquids form azeotropic mixtures with 
alcohol and water which boil at a lower 
temperature than alcohol. The first 
fraction of such a distillation consists of 
water, alcohol, and the third liquid ; when 
all the water has been removed, the re¬ 
mainder of the third liquid distils with some 
of the absolute alcohol, until finally absolute 
alcohol remains. Several purely synthetic 
methods for the manufacture of alcohol are 
now in operation. These use either acetylene 
or ethylene as starting materials. Acetylene is 
readily converted to acetaldehyde by passage 
through dilute sulphuric acid containing 
mercury salts. The acetaldehyde is oxidized 
to alcohol by passing its vapour mixed with 
air over suitable catalysts. Acetylene is 
also reduced to ethylene by means of hydro¬ 
gen in presence of catalysts ; the ethylene 
is converted to alcohol by treating it with 
steam at 450°, or at a lower temperature 
in presence of catalysts. Much alcohol is 
made in the U.S.A. from ethylene obtained 
during the “ cracking ” of petroleum. 
Alcohol is oxidized to acetaldehyde or 
acetic acid; with nitric acid a variety of 
products, including glycollic and oxalic 
acids are formed. Ethoxides are formed by 
the action of sodium, calcium, aluminium, 
and some other metals on the alcohol. It 
reacts with both mineral and organic acids 
to give esters. With sulphuric acid it 



Aldehydes 


Alcoholates 

Yields ether and also ethylene. BhijN 
loader converts it to chloroform, while 
chlorine gives chloral . It is an excellent 
solvent for most organic compounds, and is 
^sed extensively in industrial processes for 
U,is purpose, as well as in the preparation 
of ether and chloroform. Detected by 
oxidation to acetaldehyde with potass,urn 
dichromate and sulphuric acid, the > acet¬ 
aldehyde is recognized either by the ( forma¬ 
tion of the characteristic odour of aldehyde 
resin when treated with warm sodium 
hydroxide, or by isolation of the condensa¬ 
tion product with dimedon. The melting- 
point of this product is 141 5°. 

Alcoholates. Sec Alkoxides. 

Alcoholometry is the name given to any 
process for determining the amount of 
ethyl alcohol in a liquor. In the case of 
simple mixtures of alcohol and water, the 
determination of the specific gravity of the 
liquor is made at some standard temperature. 
Reference to the standard tables will give 
the percentage of alcohol in a liquor of any 
specific gravity. For revenue purposes in 
Great Britain, the Sikes’s hydrometer has 
been adopted as the legal instrument for 
measuring specific gravities. The original 
Sikes’s instrument could not be used on 
liquors containing more than 02 5 per cent, 
alcohol by weight: recent production of 
absolute alcohol on a commercial scale has 
led to the introduction of a modified hydro¬ 
meter known as Sikes’s B, which can be 
used over the range 02 5°-100 per cent, 
alcohol by weight. For liquors other than 
simple alcohol-water mixtures, more com¬ 
plicated methods have to be used. In 
some cases, the liquor is distilled so that 
the volume of distillate is equal to the 
volume of the original liquor; the specific 
gravity of the distillate is then determined. 
This adjustment of volume is necessary 
because a contraction occurs when alcohol 
is diluted with water, so that the volume 
of the mixture is less than the sum of the 
volumes of water and alcohol. The distil¬ 
lation process can be carried out only if 
there are no volatile substances in the 
liquor. If such are present, they must be 
extracted by chemical means before dis¬ 
tillation. It is sometimes more convenient 
to oxidize the alcohol to acetic acid by 
means of potassium dichromate and sul¬ 
phuric acid, and to distil off the acetic 
acid in steam. The amount of acetic acid 
formed is determined by titration with 
sodium hydroxide. 

Alcohols are organic compounds contain¬ 
ing one or more hydroxyl groups attached 
directly to carbon atoms. Benzene de¬ 
rivatives having hydroxyl groups joined 
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directly to the carbon atoms of the ring arc 
called phenols and have properties dif¬ 
ferent from those of typical alcohols. 
Compounds with one -OH group are 
called monohydric alcohols; those with 
more than one are di-, tri-, or poly-hydnc 
alcohols. Dihydric alcohols arc known as 
glvcols; the most important tnhydne 
alcohol is glycerol; tetra-, pent*-, and 
hcxa-hvdric alcohols are generally derived 
from sugars. Monohydric alcohols are 
given systematic names as derivatives of 
methyl alcohol, which, for this purpose, is 
called carbinol. It is more usual to employ 
names ending in -ol derived from the names 
of the corresponding paraffin hydrocarbons 
eg ethanol for ethyl alcohol, isopropanol 
for isopropyl alcohol. The monohydric 
alcohols form a scries whose lower members 
arc odorous liquids and higher members 
white, odourless solids. They react with 
metals such as sodium, calcium, and 
aluminium to give alkoxides, and with 
acids to give esters. Sulphuric acid and 
other agents remove water to form olefines. 
Primary alcohols on oxidation give alde¬ 
hydes ; secondary alcohols give ketones, 
while tertiary alcohols break down to give 
compounds containing fewer carbon atoms 
than the original alcohol. 

Alcoholysis is the name given to any 
reaction in which an alcohol plays a part 
similar to that of water in hydrolysis. 
It is essentially a process of exchange, and 
is most frequently applied to the reaction 
between an alcohol and an ester whereby 
the alcohol replaces the alcohol of the ester. 
Thus mannitol hcxacetatc and ethyl alcohol 
give ethyl acetate and mannitol. Such 
reactions usually proceed more rapidly in 
presence of small amounts of sodium. In 
many cases the reaction is reversible and 
will not go to completion unless a large 
excess of the first alcohol is present or the 
other alcohol is removed as fast as it is 
formed. 

Alcosol, Alcogel. These arc specific names 
for colloidal systems in which the dispersion 
medium is alcohol. Those substances which 
are able to crystallize out with alcohol of 
crystallization can generally be made to 
form alcogels. See article by Thorne on 
solid alcohol in vol. 4 of Jerome Alexander’s 
“ Colloid Chemistry." 

Aldehydes are organic compounds contain- 

.O 


ing the group 


’/ joined directly to 
V H 

another carbon atom; formaldehyde, 
H . CHO, is included in the class, but some 
of its properties are not those of a typical 
aldehyde. They arc usually colourless 


2 


Alginic 


Aldobionic 
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liquids with characteristic odours and are 
oxidized to acids and reduced to primary 
alcohols. Prepared by distillation of the 
barium salt of a carboxylic acid with barium 
formate, by oxidation of a primary alcohol, 
or by treating Grignard reagents with ortho- 
formic ester. Aromatic aldehydes arc pre¬ 
pared by heating aromatic hydrocarbons 
with carbon monoxide and hydrochloric 
acid in the presence of aluminium chloride, 
or by treating phenols with chloroform and 
sodium hydroxide. Both aliphatic and 
aromatic aldehydes give compounds with 
alkali bisulphites, and form cyanohydrins, 
aldoximes, semicarbazones, and phenyl hydra- 
zones. They also form acetals with alcohols. 
Aliphatic aldehydes form aldehyde am¬ 
monias, and some undergo the aldol conden¬ 
sation. Aromatic aldehydes form unsatur¬ 
ated acids when heated with the sodium 
salt of a fatty acid and its anhydride. They 
form Schiffs bases with primary amines, and 
react with phenols and dimethyl-aniline to 
give triphcnylmethane derivatives. All 
aromatic aldehydes and some aliphatic 
aldehydes undergo the Cannizzaro reaction. 

Aldobionic acid. An acid derived from 
an aldobiose by oxidation of the aldehyde 
group to a carboxyl group. 

Aldol, Acetaldol, /J-Hydroxybutaldehyde, 
C 4 H a O„ CH,CHOH • CH,CHO, is a colour¬ 
less oily liquid, D‘« 11091, B.P. 83°/20 
mm. Miscible with water. Manufactured 
by treating acetaldehyde with alkali carbon¬ 
ates, lime, borates, and other alkaline con¬ 
densing agents. Distillation at atmospheric 
pressure causes some decomposition to 
crotonaldehyde. Traces of mineral acid aid 
the reaction. Aldol slowly changes to a 
solid, paraldol, M.P. 82°. Reduction with 
hydrogen under pressure gives ay-bu/i/tene 
glycol. It reduces ammoniacal silver nitrate. 
Used to prepqre crotonaldehyde and buty¬ 
lene glycol. 

Aldol condensation. A reaction between 
two molecules of an aliphatic aldehyde 
whereby a 0-hydroxyaldehydc is formed. 
The simplest case is that of acetaldehyde 
which gives aldol, 

CH, • CH(OH)CH, CHO. 

The reaction is carried out at a low tem¬ 
perature in presence of a catalyst, usually 
potassium cyanide, sodium acetate, or 
dilute sodium hydroxide. Only those 
aldehydes containing the —CH, • CHO group¬ 
ing can react in this way: other aldehydes 
undergo the Cannizzaro reaction. The 
0-hydroxyaldchydes readily lose water to 
give unsaturated aldehydes. Aliphatic ke¬ 
tones react in a similar manner with ali¬ 
phatic ketones or aldehydes and with some 


aromatic aldehydes to give ^-hydroxy- 
ketones, which also readily lose water, giving 
unsaturated ketones. 

Aldonic acid. An acid derived from an 
aldose by oxidation of the aldehyde group 
to a carboxyl group, e.g. gluconic acid. 

Aldose. An aldose is a sugar containing 
a potential aldehyde (CHO) group. The 
group may be obscured by its inclusion in 
a ring system, but is obvious if the structure 
of the sugar is expressed by the old straight 
chain formula. Aldoses arc called aldo- 
pentoses, aldohexoses, etc., according to the 
number of carbon atoms they contain. 

Aldoximes are compounds formed by the 
action of hydroxylamine on aldehydes. 
They contain the group —CH : NOH. 
They are also formed by the oxidation of 
primary amines by permonosulphuric acid. 
The aliphatic aldoximes arc colourless 
liquids, some of which are soluble in water. 
When boiled with dilute mineral acids they 
split up to give hydroxylamine and the 
aldehyde. Acid chlorides or anhydrides 
convert them to nitriles. 

Aldural. The equivalent British trade 
name for alclad. 

Alexander, Jerome (1870- ). Born 

and educated in New York City, Alexander 
served for several years as chemist to 
various companies before he set up, in 
1021 , individual practice as consulting 
chemist and engineer. His private research 
has been chiefly in the field of colloid 
chemistry, on which he has been the author 
of numerous books. 

Algaroth. See Antimony oxychlorides. 

Alginio acid. A polymer of d-man- 
nuronic acid, with the formula : 



It is obtained as a highly gelatinous 
precipitate by treating a sodium carbonate 
extract of certain dried seaweeds with acid. 
Species of Laminaria are commonly used. 
Commercial algin is the sodium salt and 
physically resembles albumin or gelatine. 
It is slowly soluble in water forming an 
extremely viscous solution. It is used as 
a stabilizer for ice cream and other food 
products and pharmaceutical preparations, 
as a dressing in the textile industry, and 
for preventing incrustation in boilers. 
Calcium alginate can be spun into a thread 
suitable for rayon. Ammonium alginate 
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Alicyclic 

i. also used commercially (sec Nature, 
,9 *l'irlcUc “Alicyclic compounds are cyclic 
carbon "5 £££ 

bCn M n 'Jnd g , They am cyclic compounds 
'Idth* aliphstic chSJceris.ic, for example 

cyclopropane, eyelohexnne. ic 

Which are typical of this structure. 

" AJitizing. Method of producing a protec¬ 
tivefilm on iron, steel, copper, or brass by 
slowly heating the metal in a mixture of 
powdered aluminium, alumina, and am¬ 
monium chloride (the proportions and tern 
perature varying according to the metal 
under treatment) in an inert gas. The 
coating is said to prevent oxidation below 
1000 °. and to give improved resistance at 
higher temperatures. 

Alizarin. C,*H,0 4 . 

Orange-red needles are 
formed by sublimation. / y ^ 

M.P. 290°. Insoluble in 
cold water, readily sol¬ 
uble in alcohol and 
ether, dissolves with a 
purple-red colour in 
alkaline solutions, from which it is pre¬ 
cipitated ns red to violet ” lakes ” on the 
addition of heavy metal salts. 

Occurs as a glucosidc in madder. Exclu¬ 
sively produced synthetically by fusing 
anthraquinone - 0 - sulphomc acid with 
caustic soda and a little potassium chlorate. 

It is always used in the form of a paste 
with water. It is an example of a poly- 
genetic mordant dyestuff since the material 
to be dyed must first be impregnated with 
a metallic hydroxide and the shade produced 
varies with the nature of the hydroxide. 
The impregnation is effected by soaking the 
material in the metal acetate and then 
precipitating the hydroxide in the fibre by 
superheated steam. Aluminium hydroxide 
gives a red lake. Turkey red, chromium 
hydroxide a different shade of red. and 
ferric hydroxide a blue lake. The dyeing 
is carried out in boiling aqueous solution. 

Alizarine yellow GG (MLB) is a dyestuff 

NO, 



\ N 



belonging to the group of oxyazo dyes, and 
i6 prepared from diazotized m-nitraniline and 
salicylic acid. It is used as substitute for 


Alkaloids 

fustic in the dyeing of chrome-mordanted 

"Alkali. A hydroxide of one of the 
••alkali-metals” lithium, sodium, pota- 
sium rubidium, and exsium. As commonly 
used' the term refers specifically to Ijotas- 
sium or sodium hydroxide, the othersi bci. g 
rare and of little commercial importance. 

In a wider sense the word is used to include 
such substances as lime, baryta, sodium 
carbonate, and ammonium carbonate. 

Since all these substances, in solution in 
water, increase the hydroxyl ion concentra¬ 
tion the term alkali is synonymous with 
the term base, so long as it refers to aqueous 

solutions only. . ._ 

Alkalimetry. The process of determining 
the strength of a solution of an alkali, by 
titration with standard acid solution, or by 
other means. The term ” alkali in this 
connexion is generally taken to include 
substances such as baryta and ammonium 
hydroxide, which are not strictly alkalis, 
but may replace alkalis in quantitative 

analysis. , 

Alkaloid reagents. A generic name Tor 
a number of reagents, most of which arc 
acids with complex negative ions, which 
give precipitates with alkaloids. The alka- 
loidal reagents include chloroplatinic, phos- 
photungstic. phosphomolybdic, fcrrocyanic, 
tannic, picric, and sulphosalicylic uculs, and 
potassium mercuric iodide. They also pre¬ 
cipitate proteins. 

Alkaloids are organic substances existing 
in combination with organic acids in great 
variety in many plants, and to which many 
drugs' owe their medicinal properties. 
Many of them arc very poisonous, and even 
in minute doses produce characteristic 
physiological effects. They vary consider¬ 
ably in their chemical properties and con¬ 
stitutions ; the majority of them arc crystal¬ 
line and non-volatile, and contain carbon, 
hydrogen, oxygen, and nitrogen, but a few 
arc devoid of oxygen, and urc volatile 
liquids. All alkaloids have basic character¬ 
istics, and combine with acids to form 
crystalline salts, which arc usually water- 
soluble. The majority of alkaloids are 
only very sparingly soluble in water, but 
are usually readily soluble in organic sol¬ 
vents such as alcohol, chloroform, and 
ether. 

In the commercial extraction of alkaloids 
from the drugs in which they exist, the 
powdered drug, or an alcoholic extract of it, 
is treated with an alkali such as ammonia 
or lime to liberate the alkaloid from its 
combinations, and the alkaloid is then 
extracted by means of an organic solvent. 
The crude material thus obtained is freed 
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AUenes 


from impurities by various methods, and 
Anally purified by crystallization either of 
the base itself or of its water-soluble salts. 

They occur chiefly in flowering plants, 
especially in the Ranunculacear, Papaver- 
nce®, and Solanace®. They often occur 
not as single alkaloids but as a mixture of 
rather similar alkaloids. They are prob¬ 
ably formed from ammonia, formaldehyde, 
and various amino-acids; many of them 
are derivatives of pyridine, quinoline, iso¬ 
quinoline, or pyrimidine. If solids they arc 
crystalline; they are optically active and 
most of them are dextrorotatory. They 
include a number of important drugs, e.g. 
morphine, narcotine, theobromine, caffeine, 
nicotine, atropine, cocaine, hyoscyaminc, 
quinine, cinchonine, strychnine, brucine, and 
pilocarpine. Their part in the physiology 
of plants is not known. 

Alkanes. See Paraffins. 

Alkanolamines, Alkylolamines, are hy¬ 
droxy-amines produced by the reaction of 
an olefine oxide with aqueous ammonia at 
50°-00°. They are hygroscopic solids of 
low melting-point, and usually occur as 
rather viscous, colourless liquids of am- 
moniacal odour. They are used as ac¬ 
celerators in rubber manufacture, and as 
absorbents for acidic gases such as carbon 
dioxide nnd hydrogen sulphide. They form 
soaps with fatty acids; these are almost 
neutral in reaction, and are used as deter¬ 
gents and emulsifying agents. See Ethano- 
I amines. 

Alkathene. A brand name for polythene. 

Alkenes. Sec Olefines. 

Alkoxides arc compounds formed by the 
action of certain metals upon alcohols. 
They may be regarded as hydroxides in 
which the hydrogen atoms arc replaced by 
alkyl groups. The commonest alkoxides 
are those of sodium, calcium, magnesium, 
and aluminium. 

Alfcyri resins. Synthetic resins produced 
by the condensation of polybasic acids (or 
their derivatives) with polyhydric alcohols. 
The resins are thermosetting or thermo¬ 
plastic according to the functionality of 
the ingredients : the most common resins 
are those from glycerol and phthalic 
anhydride and these are potentially 
thermosetting. 

Alkyd resins are used to a small extent 
for special purpose moulding powders 
where high wetting power and good heat 
resistance arc required in the binder. They 
are more widely used in surface coatings : 
the inclusion of drying oil fatty acids among 
the polybasic acid constituents renders the 
resins drying oil-soluble and they are used 
in this form as paint and varnish resins. 


Alkyd resins are frequently called glyptals 
although this term was originally a brand 
name. 

Alkyl. The residue left when a hydrogen 
atom is removed from an aliphatic hydro¬ 
carbon is called an alkyl radical, as, for 
example, methyl, —CH,; ethyl, —C a H 6 , 
and so on. Some of these radicals exist 
momentarily when certain organo-mctallic 
compounds are decomposed by heat under 
reduced pressure, but they rapidly unite in 
pairs to give hydrocarbons. They can 
replace a hydrogen atom in a variety of 
compounds to give alkyl derivatives of these 
compounds. 

Alkylenes. Sec Olefines. 

Alkylolamines. See Alkanolamines. 

Allantoin, Glyoxyldiureide, C 4 H 4 O a N 4 . 

HN—CH—NH CO NH, 

°i 

HN—CO 


Crystallizes in prisms, M.P. 235°-236®. 
Sparingly soluble in cold water, soluble in 
hot water and alcohol. Allantoin is the end 
product of purine metabolism, and is ex¬ 
creted in the urine of most mammals, 
exceptions being man, the anthropoid apes, 
and the Dalmatian dog, which do not possess 
the necessary enzyme, uricase, needed to 
break down uric acid to allantoin. See 
Nuclcoprotcins. See “Nucleic Acids,” by 
Jones, and “ Nucleic Acids,” by Levene and 
Boss. 

Allen cone. A non-mechanical type of 
continuous thickener consisting essentially 
of a conical tank. The suspension enters 
through a feed well in the centre of the 
tank, the solids settle to the bottom and 
clear effluent overflows into a peripheral 
trough at the top of the tank. The sludge 
collecting at the bottom of the tank actuates 
a float and ball valve, and is discharged at 
such a rate that its level remains constant. 

Allene, symmetrical Allylcne, 

CH, : C : CH„ 

is a colourless gas prepared by electrolysis 
of potassium itaconate, or by the action of 
zinc and alcohol on dibromopropanc. 

Allenes are unsaturated hydrocarbons of 
the general formula C w H, n _, containing the 


grouping ^>C=C=C<^. 


They are regarded 


as derivatives of allene, CH, : C : CH,. This 
is a gas, but other members are colourless 
liquids with a garlic-like odour. They are 
formed by the action of zinc and alcohol 
on dibromolefines, or by heating the alkyl 




Allmand 

uretvlenes. Unlike the acetylenes, they 

p" HetTM MS 

r^at war!“d 3ec*d F.R.S. in « 
His original work lies mainly m the fields of 

c,e X he ^^ d «s 

Of an organic compound indicates that 
L com^unds have the -me empir^l 
formula. With sterols and related sub 
stances the prefix alio- should indicate that 
r*gs A and B are in the trans position 
to^ach other, but allocholesterol is an 
exception. Allomucic acid is an optical 
isomer of mucic acid. 

Allobarbitone or dial, C 10 H„o,N t . 
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CjH 

CjH 


>C 


NH, 
™>°- 


is diallyl-barbituric acid, a white crystalline 
powder, M.P. 171M72*. Sparingly soluble 
in cold water; soluble in alcohol, ether, and 
alkaline solutions. It is a hypnotic with 
similar properties to barbitone, but it is 
much more readily absorbed. For manu- 
facture, see Barbiturates. 

Allomerism. An alternative name for the 
phenomenon of allotropy. 

Allophanic acid, Carbamylcarbamic acid, 
C.H.O.N., NH.CONHCOOH, is not known 
in the free state as it breaks down im¬ 
mediately to urea and carbon dioxide. The 
ammonium, barium, calcium, and sodium 
salts arc known and arc prepared by treating 
ethyl allophanate with the appropriate 
hydroxide. The esters with alcohols and 
phenols are crystalline solids, sparingly 
soluble in water and alcohol. They are 
formed by passing cyanic acid into alcohols 
or a solution of an alcohol or phenol in 
benzene. The amide of allophanic acid is 
known as biuret. Alcohols are sometimes 
isolated from mixtures and identified by 
means of their allophanates. 

Allose. Sec Hexose. 

Allotelluric acid, H,Te0 4 . See Telluric 
acid. 

Allotropy. Many elements can exist in 
more than one form, e.g. oxygen and ozone ; 
ortho- and para-hydrogen; rhombic 
sulphur and monoclinic sulphur. Such 
elements are said to show allotropy, and 
the various different forms are termed 
aUotropes. The allotropes of an element 
consist of the atoms of the element linked 
together to form different molecules, or 


Alloy 

different crystals. They have !there* ore, 
different energy contents, w h ,ch . nrc ex * 
hibited in their different chemical and 

Ph ti£o%: Stheor, of. Smit regards 
the allotropy of solid substances as a 
special casTof polymorphism in wh,ch 
mixed crystals arc formed. In ordinary 
solid elements, the various molecular species 
or aggregates are in equilibrium. It the 
equilibrium is disturbed, the properties of 
the solid change, corresponding with trie 
properties of the allotropes. 

Alloxan, Mesoxalylurea, C 4 H,o 4 n„ 

.NH—COv 

Crystallizes in rhombic prisms with the 
formula 

/NH—COv /OH 

3H a O. 

'NH— CO' X OH 

losing three of the water molecules with 
efflorescence, and the fourth at 150. 
Decomposes at 170°. Soluble in water and 
alcohol. It is prepared by the careful 
oxidation of uric acid or xanthine, or more 
readily by treating alloxantin with strong 
nitric acid. 

Alloxantin, C,H 4 0,N 4 . 

OH OH 




\NH-CO 


Crystallizes in prisms with two molecules 
of water, decomposing at 253°-255°. Spar¬ 
ingly soluble in water. It is found among 
the products of hydrolysis of the glycoside 
convicin from soya-beans or vetches and in 
small amounts in beets. It can be prepared 
by oxidizing uric acid or reducing alloxan. 
It has a toxic effect, particularly on cold¬ 
blooded animals. 

Alloy. An intimate association of two 
or more metals, or of a metal and one or 
more non-metallic elements (gaseous, liquid, 
or solid), the complex possessing in a 
marked degree all or most of those char¬ 
acteristics commonly described as metallic. 
Where the properties of the alloy are 
markedly affected by the presence of 
mechanically admixed inclusions of a non- 
metallic nature, such inclusions arc not to 
be considered as integral parts of the alloy 
(e.g. the silicate or slag inclusions in 
wrought iron). But where a non-metallic 
component exists in the free form as an 
inclusion by virtue of the physical conditions 
imposed upon the alloy during freezing and 
where, by appropriate adjustment of com¬ 
position or of physical conditions, such an 
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Allyl 


Alloy 

inclusion can become intimately associated 
with the alloy, then such a component 
must be considered as a definite alloying 
component (e.g. graphite in cast iron). 
Whether an alloy consists of a homogeneous 
solid solution or of one or more disperse 
phases embedded in a matrix constituting 
the bulk of the alloy, statistically uniform 
distribution of the components is pre¬ 
supposed. 

Alloy cast irons. The use of alloy cast 
irons has grown to such an extent that they 
are displacing simple cast iron in every 
branch of engineering. The alloying ele¬ 
ments used include nickel, chromium, 
molybdenum, copper, vanadium, silicon, etc. 
Their properties are very different from 
simple cast iron, and vary widely amongst 
themselves. 

Nickel up to 1-5 % gives an easily machin¬ 
able product with a 300 % increased tensile 
strength and a high Brinell hardness; 
“ Ni-Tcnsyl ” is a typical example. Further 
addition up to 2-5 % Ni increases the hard¬ 
ness, decreasing machinability. 4*5 % Ni 
und 1-5 % Cr gives “ Ni-Hard," which is one 
of the hardest alloys made for engineering 
practice. Nickel from 11 % to 40 %, with 
up to 5 % chromium, gives austenitic cast 
irons which have a high corrosion resistance 
and are machinable. The best known arc 
Nomag, Ni-Rcsist, and Nicrosilal. Chrom¬ 
ium is used chiefly in conjunction with nickel, 
conferring on the product high heat resist¬ 
ance. Molybdenum is used with nickel and 
chromium in the low alloy irons, and with 
nickel-manganese or nickel-copper in the 
austenitic irons. Vanadium and titanium 
are used only in small proportions, and 
serve to refine and deoxidize the metal. 
Copper is added in small quantities as a 
refiner, and with nickel and chromium in 
amounts up to 7 % in heat-resisting austen¬ 
itic irons. High silicon cast irons are the 
earliest commercial alloy cast irons, and are 
used widely in the heavy chemical industry. 
They are hard to cast, cannot be machined, 
and are very fragile. They are really an 
" iron glass,’* and should be handled as 
glassware. They arc marketed under such 
names as Duriron, Tantiron, Ironac, etc. 

Alloy elements. Elements added to give 
special properties to alloys, such as resist¬ 
ance to corrosion, heat, creep, etc. (e.g. the 
addition of chromium, tungsten, molyb¬ 
denum, vanadium, etc., to ferrous alloys). 

Alloy steels. The chief alloying elements 
employed are nickel, chromium, silicon, 
manganese, molybdenum, tungsten, vana¬ 
dium, etc. Alloys used for structural work, 
railway lines, etc., contain 8 % to 5 % Ni, or 
•5 % to 105 % Si, giving “ silicon structural 


steel,” or 1-5 % to 1-75 % manganese, or 
•2 % vanadium, or -25 % to 75 % molyb¬ 
denum. Ternary alloys such as 1-5 % Ni 
and -6 % Cr, chrome-vanadium, silicon- 
manganese, etc., are also used where strength 
greater than that of plain carbon steel is 
required. Forincrcased hardnessthe follow¬ 
ing are among those employed : for armour 
protective plate and cutting tools from 
15 % to 2-5 % Cr; 7 % to 13 % Mn 
confers great toughness on the steel, but is 
used only in the cast form, as it can only 
be faced by grinding; high speed steels 
contain tungsten or molybdenum, vana¬ 
dium and chromium. For permanent 
magnet steels alloys containing up to 35 % 
Co with small additions of such elements 
as nickel, chromium, tungsten, etc., arc 
used, while for electromagnet and trans¬ 
former stampings steel containing about 
4-75 % Si is employed. The range of alloys 
known as the stainless steels arc widely used 
in the chemical, food, and other industries 
where an acid- and rust-proof material is 
required. The chief steels in this class arc 
known as the 18/8 or 18/8/1 /I, corresponding 
to the percentages of chromium, nickel, 
tungsten, and titanium. 

D-Allulose, also called d- 
psicose, a ketohexose which 
has been isolated as its 
phenylosazonc from distil¬ 
lery slops. 

The free sugar has been 
obtained as a syrup 
[a] S’ + 2 9 °- S*® Z« ban 

and Sattler, Ing. Eng. Chem., 

1042, 34, 1180. 

Allyl. The name given to the group 
CH, : CHCH,—. 

Allyl alcohol, Propenol, C,H.O, 

CH,: CHCH,OH, 

is a colourless liquid with a pungent odour, 
D“ 0 8540, B.P. 00 6°. Miscible with water 
and alcohol. Prepared by heating glycerol 
with oxalic acid, or by reduction of acrolein. 
It combines quantitatively with bromine, 
and may be estimated by this means. 
Forms insoluble compounds with mercury 
salts, and is oxidized to glycerol by potas¬ 
sium permanganate. Silver oxide produces 
acrolein and acrylic acid. 

Allyl isothiocyanate, Mustard oil, 
c 4 h $ ns, ch,=chch,ncs, 

is a colourless liquid with an intensely 
pungent odour, D 1 * 10155, B.P. 151°. 
Sparingly soluble in water; soluble in 
alcohol and ether. Forms the chief con¬ 
stituent of the oil derived from black 
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m lTo» of .u" U St>co b h y o. 
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potassium sulphide on mustard od at ««• 
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cyanate with a solution of ammonia In 
"'Twnt A trade name for colloidal 

alumhdu'm hydroxide used medieinally 

-£S faTh^d iule. from the leave, 

0 , various speeie, of aloe. It act, a, a 

“ff 'u a mixture of the erystalline 
principles from various species of aloes, u 
fs a yellowish powder with the ch.r.c£r- 
istic odour of aloes, and U adnunirtered. 
together with other drugs, in pill or tablet 
form as an aperient or purgative. Its 
medicinal action is the same as that of aloes. 

Aloins. of which the best-known is bar- 
baloin, arc compounds of pentose sugars and 
hydroxy-anthraquinonc derivatives. It is 
believed that the terminal hydroxyl in 
carbon 5 of the sugar is attached to a 
phenolic hydroxyl leaving the aldehyde 
group free. 

Alpha iron. See Iron. 

Alpha particle, or a-ray. A helium atom 
with a positive charge equivalent to twice 
the charge on an electron, i.e. a helium 
nucleus with no planetary electrons, ct-par- 
icles are emitted with high velocity, of the 
order of 2 X 10® centimetres per second, by 
radium and other radioactive substances; 
they can travel for distances of several 
centimetres in air and other gases at 
normal pressures, causing these gases tem¬ 
porarily to become feeble conductors of 
electricity (“ionization”). Collision of 
a-particlcs with zinc sulphide or other 
substances causes flashes of light, which 
enable individual particles to be counted 
(Crookes’s “ spinthariscope ”). 

The e/m ratio may be determined by 
measuring the deflection of the path of 


Alumina 

unices «. . 

rtl, rSSS r this way the 
cT-particles can be identified a, helium 

nU a-Partieles may be used, either with or 
without acceleration, as bombarding agents 
in nuclear disintegration reactions. 

The energy, and thus the range, of a- 
particles, is characteristic of the source of 
emission. 

Altrose. Sec IIcxosc. 

Aludel, or udcll. A cylindrical earthen¬ 
ware vessel, tapered at the open end. and 
with a hole in the bottom to receive the 
tapered end of a second similar vessel. 
Trains of aludcls to condense iodine vapour 
are used in the manufacture of iodine from 
seaweed, the iodine condensing on the cool 
earthenware walls. 

Alum. Potash alum. Alum. or P® 1 **** 
alum. KAl(SO t )t • 1211,0, is a substance 
which crystallizes in large colourless 

octahcdra (a 121 A. I mols. in unit cell). 
Its solubility in water at 10 is 8-10 parts 
per 100 parts of water. Its crystals on 
exposure to the air become white, owing to 
the absorption of ammonia from the air, 
and the production of a basic sal -The 
alum undergoes complete dchydrat o at 
240°. When heated at a dull red heat, a 
porous friable mass is formed, which is 
known as burnt alum. A mineral approxi¬ 
mating in composition to potash alum occurs 
in nature. An allied mineral. alumU ^or 
alumstone, K.SO.. Al t (S0 4 )„ 2 Al t (OH)., 
may be used as a source of alum. Other 
common starting materials for the manu¬ 
facture of alum arc aluminium schists and 
shales, which contain aluminium silicate and 
iron pyrites. The latter furnishes the sul¬ 
phuric acid required, potassium sulphate or 
chloride being derived from an independent 
source. Alum is used in the dyeing in¬ 
dustries for the production of mordants and 
pigments, in dressing leather, sizing paper, 
in water-proofing fabrics, in fireproofing, 
and medicinally as a styptic and astringent. 

Alumaloyd. Aluminium - coated sheets 
which can be worked without injury to the 

coating. _ , . 

Alumetizing. Method of producing a 
protective coating on metal which is sprayed 
with aluminium, coated to prevent oxidation 
and provide a flux, and then subjected to 
heat. 

Alumina. See Aluminium oxide. 

Alumina gel, a colloidal (gel) form of 
aluminium hydroxide prepared by precipi¬ 
tation from a solution of aluminium chloride 
by ammonia, washing and partially de¬ 
hydrating by heat. The loose weight of the 
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gel, when in pieces 2-3 mm. diam., after 
drying at 800°, is 750 kg. per cb. m. (silica 
gel is 550 kg.). No change of structure 
occurs on heating below 800°, but above 
that temperature inversion to a-alumina 
(corundum) occurs. The principal uses of 
alumina gel are for drying gases and for 
removing moisture or any other substances 
adsorbed by the gel. It is more stable 
than silica gel and removes water more 
rapidly. 

Alumina-silica system. A term applied to 
the composition-temperature description of 
all possible mixtures and compounds of 
alumina and silica. The system may be 
represented by a composition-temperature 
diagram, which indicates only one eutectic 
in the system (containing about 04 % 
of silica) and one definite compound ( muUite , 
3A1.0, . 2SiO,). 

Aluminates. A large group of compounds 
derived from aluminium hydroxide. Al¬ 
kali and alkaline earth aluminates may be 
precipitated from solutions of aluminium 
hydroxide in the corresponding alkaline 
hydroxide, and have the formula 
4RO, Al.O, aq.; 8RO, A1,0, aq.; RO, AI.O,. 
Many other nluminates may be prepared 
by fusing together the metallic oxide and 
alumina, in the absence of water ; the spinels 
form a group of naturally occurring alum¬ 
inates, including those of magnesium, iron, 
zinc and chromium (Mg(A10 t )„ Fe(A10,)„ 
etc.). Chrysobcryl is beryllium aluminate, 
Bc(A10,) t . Sodium aluminate is prepared 
commercially by dissolving bauxite in 
sodium hydroxide solution and evaporating ; 
it is used os a mordant, in the manufacture 
of bricks, for sizing paper, and in water 
softening. Barium aluminate, Ba(A10 t )„ 
prepared by fusing a mixture of barium 
sulphate, bauxite, and carbon, leaching 
the product with water, and crystallizing, is 
an efficient but costly water-softening agent. 
Calcium aluminates enter into the composi¬ 
tion of Portland cement. 

Aluminium. Symbol Al. At. no. 13, 
At. wt. 26-97. A bluish-white metal of 
high tensile strength, capable of taking a 
high polish, and notable for its lightness. 
Sp. gr. 2-703, M.P. 659 8% B.P. 1800°, 
sp. heat, 0-214/20°. First prepared by 
WOhler (1827) by heating aluminium 
chloride with potassium. Occurs naturally 
in silicate rocks, in clays, as hydrated alu¬ 
minium oxide (e.g. in bauxite, Al t O„2H,0) 
and as cryolite, Na,AlF,. Aluminium forms 
7-3 per cent, of the earth’s crust. Manu¬ 
factured by electrolysis of purified bauxite, 
dissolved in molten cryolite, using carbon 
electrodes ; the product is 99 % pure, the 
chief impurities being iron or silicon. * 


Powdered aluminium combines vigorously 
with the oxygen in certain metallic oxides, 
the reaction usually being started by heating 
at one point by burning magnesium and 
barium peroxide (Thermit process). The 
pure metal is almost unattacked by pure 
water, but traces of impurities in the metal 
may set up electro-chemical corrosion, whilst 
salt or sea-water rapidly corrodes the inctal. 

Mineral acids dissolve it, forming alu¬ 
minium salts, in which the metal is tcrvalent. 
Alkalis also dissolve aluminium, forming 
aluminates. The metal is used for the 
manufacture of domestic utensils, in en¬ 
gineering construction where lightness is 
an important factor, in the fabrication of 
many light alloys, and in overhead electric 
cables; small quantities arc added to 
molten steel to remove dissolved oxygen 
and nitrogen. 

Aluminium acetate, Al(C,H 3 O a ),. Pre¬ 
pared by dissolving aluminium hydroxide 
in acetic acid, or by adding lead or barium 
acetate to a solution of aluminium sulphate. 
Usually occurs in the solid state as a basic 
salt, of which several arc known (e.g. 
Al(OH)(C l H s O & )|; Al t O(C,H,O t ) 4 ). Soluble 
in water, the solution being of complex con¬ 
stitution, and probably containing alumina 
in colloidal solution. Much used in dyeing 
as a mordant, particularly mixed with 
aluminium sulphate (giving “ red liquor ”), 
or aluminium nitrate. Also used in sizing 
paper, hardening cardboard, proofing paper 
and fabrics, in tanning, and in pharmacy 
as an antiseptic and astringent. 

Aluminium alloys. These arc mostly of 
recent origin, and owe their development 
largely to the demand for light-weight 
materials for use in aircraft construction, 
etc. Aluminium itself is a soft and ductile 
material, but by alloying it with various 
other metals it is possible to produce a 
range of substances with enhanced proper¬ 
ties. The best-known is duralumin : 4 % 
Cu, -5 % Mn, -5 % Mg, a wrought alloy 
which develops its hardness as a result 
of the precipitation of copper on ageing. 
The “ Y •* alloys contain 4 % Cu, 2 % Ni, 
and 1-5 % Mg ; they can be cast, and are 
extensively used for pistons for internal 
combustion engines. Copper or silicon is 
used for castings, where great strength 
and ductility are not essential ; the pro¬ 
perties of aluminium-silicon alloys depend 
on the size of the silicon crystals, the useful 
limit of silicon being 12 %. These castings 
are brittle, but by a “ fluxing” or 44 modi¬ 
fied ’ ’ treatment with molten sodium 
fluoride and chloride strength is greatly 
increased. The modified product is called 
Alpax metal. 
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The addition ^ of 

a „d m “ n ^iUng U rising mechanical proper- 
alloys ex i h,b,t '" g asine magnesium content, 
ties w,lh ' n R R g ligh t alloys class, and 

Th mdrHydmnalium, M.G. 7, Bonnabright 
include «y Pcraluman. etc. A 

mealed by the action of liquid brom.nc on 
P P 1 nr bv passing bromine vapour 
alumm , * f u i um ina and char- 

° VC , r “ t is hygroscopic and readily 

“SJ"in water, bromine, and many 
lanic solvents. Hydrate, with 6 and 
i?H t O arc known, and a number of a n- 
,nines have been described. In the solid 
and liquid states aluminium brom.de ex«U 
ai u. • the vapour is Al,Br, at 4-H) , 
“,d dissociates to AlBr, molecules at higher 
(omneratures. The bromide is used in a 
similar way to aluminium chloride in the 
Fricdcl-Crafts reaction. 

Aluminium bronze. A bronze in name 
only, as it contains no tin. For maximum 
strength the composition is 90 /Q copper 
and 10 % aluminium, which must be free 
from impurity if casting, are ‘o be sound 
and free from segregation. Though not a 
•• light alloy ” in the accepted sense, it 
has an appreciably higher strength/weight 
ratio than other bronzes. It is used as 
constructional material in marine wont, 
and sometimes as bearing metal in loco¬ 
motives. 

Aluminium carbide, A1 4 C,. Transparent 
hexagonal yellow crystals, black powder, or 
a fused mass, density 2-36, M.P. > 2200 ; 
prepared by strongly heating aluminium or 
alumina with carbon, or by heating alu¬ 
minium in a stream of carbon monoxide. 
Attacked by dilute acids or alkalis, or 
slowly by water, giving methane. Alu¬ 
minium carbide reduces metallic oxides to 
the metals, or alloys of the metals with 
aluminium, on heating. The use of the 
carbide as a refractory material, and as 
a starting-point for the manufacture of 
aluminium, has been proposed. 

Aluminium chloride, A1C1,. Colourless or 
yellowish hexagonal crystals, density 2-44, 
B.P. 180°, M.P. 192 6 ° at 1715 mm. pressure. 
Soluble in water (31-36 gm. per 100 gm. 
solution at 20 °) and some organic solvents. 
Prepared by passing hydrogen chloride or 
chlorine over heated aluminium, or chlorine 
over heated alumina and carbon ; the latter 


process is used on a manufac unng scalc 
Is is also the action of carbonyl chtondeon 
alumina. Anhydrous alunuumm chlonde 
forms numerous double salts (c.g. 2 A 1 CI,, 

2 3 or ONaCl), addition compounds (e. . 
A1CI H,S; A1CI„ NOC1), and ammines 
Uie hydrate AlCl’, 6 H.O is precipitated 
from aqueous solution by HC1 gas, aUhough 
hydrolysis occurs in water. It is a cry 
suble compound, not decomposed by 
ordinary reagents. In the sohdand Uquld 
states the chloride ex.sts as AI.C.mole 
cules: at 400° the vapour is A 1 ,U„ at 
800’ AlClj. Aluminium chloride is used 
commercially in the cracking of oils, and in 
the laboratory as a catalyst in numerous 
organic reactions (e.g. Fnedcl-Crafts 

30 Aluminium ethoxide. Aluminium ethylate 
(CH,CH.O),Al, is a white solid, M.P. iw . 
B.P. 200 */ 6-8 mm. Soluble in benzene and 
alcohol; less soluble in ether; decomposed 
bv water. Prepared by adding ethyl 
alcohol containing a small amount of mer¬ 
curic chloride to aluminium powder in 
boiling xylene. The solvent is distilled off 
when the aluminium has dissolved. Parti¬ 
ally converted to a 0 -inodiflcation. sparingly 
soluble in xylene, during distillution in 
vacuo. Used in the production of esters 
from aldehydes by the Cannizzaro reaction 
and in the reduction of aldehydes and 

ketones. _ . ... 

Aluminium fluoride, A1F,. A colourless 
substance forming hexagonal rhombohedral 
crystals ; density 2 88-3-22, which sublime 
without melting at 1291°; prepared by 
passing hydrogen fluoride over heated 
Al(OH)„ or as A1F„ 3H 2 0 by dissolving 
aluminium oxide or hydroxide in hydrofluoric 
acid. Aluminium fluoride is an inert com¬ 
pound, insoluble in most solvents (0 559 gm. 
per 100 ml. of saturated aqueous solution 
at 25°), and unattackcd by acids and alkalis. 
A number of hydrates and ammines are 
known. Many double fluorides formed by 
combination with fluorides of other elements 
are known; cryolite, A 1 F„ 3NaF, occurs 
naturally in Greenland as a white mineral 
with a characteristic lustre ; densit y 2 95-3 0, 
hardness 3; the compound may also be 
prepared by adding sodium a\uminate to a 
solution of sodium fluoride and bicarbonate. 
Cryolite is used in the man ufacturc of 
aluminium, and in making enamels and 
white glass. 

Aluminium hydroxide, Al(OH) a or 
AIO • OH. Generally occurs as a white or 
yellowish gelatinous mass ; crystalline 
forms, particularly some of natural occur¬ 
rence commonly regarded as hydrated 
alumina, such as diaspore and hydrargillitc 
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(cf. alumina), are known. The orthohy¬ 
droxide, Al(OH)j, is precipitated from solu¬ 
tion of aluminium salts by ammonia, and 
occurs in several forms according to the 
conditions ; the metahydroxide, AlO • OH, 
is formed by heating the ortho form with am¬ 
monia solution in a sealed tube. The gela¬ 
tinous “ gels ” of aluminium hydroxide 
partially dried at 200°-500®, are valuable 
drying agents, catalysts, and adsorbents 
(“ alumina gel ”). Sols of aluminium hy¬ 
droxide in which the particles are positively 
charged, are formed by dialysis of aqueous 
solutions of the acetate, chloride, or nitrate ; 
the sols are thixotropic in presence of 
traces of an electrolyte. Chemically, the 
hydroxide behaves as an amphoteric hy¬ 
droxide, dissolving readily in acids to form 
the corresponding aluminium salts, and in 
alkalis to give solutions of aluminates. 

Al umini um iodide, All,. Colourless or 
pale yellow crystals; density 3 08, M.P. 
191°, B.P. 381°. Very soluble in water, 
carbon disulphide, alcohol, and liquid 
ammonia; also soluble in benzol and 
pyridine. Prepared by the action of 
aluminium on iodine, as the solid, vapour, 
or in solution in carbon disulphide. Strongly 
hygroscopic. Forms addition compounds, 
double salts, and ammines in a similar way 
to aluminium chloride, which it also re¬ 
sembles in existing as A1,I, in the solid 
and liquid states; the vapour is 24 % 
dissociated to All, at the B.P., the vapour 
burning in air if ignited. 

Aluminium isopropozide, Aluminium iso- 
propylatc. CH 

is a white, crystalline ( ^CHOJ Al 
solid, M.P. 118®, B.P. ' CH » 7 a 
134°/5 mm. Soluble in isopropyl alcohol 
and benzene ; decomposed by water. Pre¬ 
pared by heating aluminium pow’dcr with 
dry isopropyl alcohol containing a small 
amount of mercuric chloride and iodine. 
The excess alcohol is distilled off when the 
aluminium has dissolved. Used in the pro¬ 
duction of esters from aldehydes by the 
Cannizzaro reaction, and in the reduction 
of aldehydes and ketones. 

Aluminium nitrate, Al(NO,),. White 
crystals, occurring as various hydrates, of 
which Al(NO,)„ 9H,0 is the commonest. 
This hydrate melts at 73-5°, and is readily 
soluble in water and alcohol. Manufac¬ 
tured by dissolving hydrated alumina in 
nitric acid, or by mixing solutions of alu¬ 
minium sulphate and calcium or lead 
nitrate, when calcium or lead sulphate is 
precipitated and a solution of the nitrate 
remains. The aqueous solution, unless it 
contains excess acid, deposits aluminium 


hydroxide, slowly in the cold but rapidly 
on heating. Aluminium nitrate is used as 
a mordant in dyeing with alizarin red, and 
in the manufacture of gas mantles. 

Aluminium nitride, AIN. White powder 
consisting of hexagonal crystals ; density 
3-05-3-25 ; sublimes at 1900°, melting at 
about 2000°; hardness 9. Prepared by 
the action of nitrogen or ammonia on 
aluminium; the preparation on a large 
scale, for the ultimate manufacture of 
alumina and ammonia, has been attempted 
by passing nitrogen over aluminium carbide, 
or over a mixture of alumina and carbon 
(Serpek process); the high temperature 
( 1200 °) required, however, makes the process 
impracticable. Aluminium nitride is com¬ 
paratively inert; it reacts slowly with 
aqueous alkalis, or rapidly with fused 
alkalis, giving an aluminate and ammonia ; 
water decomposes it, forming aluminium 
hydroxide and ammonia, but the action is 
slow, as a protective layer of hydroxide 
forms on the nitride. 

Aluminium oxide (alumina), A1,0,. Alu¬ 
mina is of wide occurrence in nature as 
corundum, Al t O, (which, when coloured by 
traces of other metallic oxides, forms a 
variety of natural gems, e.g. ruby and sap¬ 
phire) ; diaspore, Al,0„ H,0; bauxite, 
Al t O„ 211,0 (the principal commercial 
source of aluminium); and hydrargitlite, 
Al,0„ 3H,0. It may be prepared in the 
laboratory by heating aluminium hydroxide 
or practically any compound of aluminium 
in air ; the hydroxide and ammonium alum 
give the purest products. Five forms of 
alumina(ot-, 0-, y*. 5- and £-AI,0,), differing in 
their physical properties and mode of forma¬ 
tion, arc known; the chief naturally occur¬ 
ring form is a-Al,0„ density 3-95-4 00, M.P. 
2050°, B.P. 2980°, L.H. of vaporization 
115-7 cal., hardness 9 (next to that of the 
diamond). Alumina is practically insoluble 
in water (1 X 10~‘ mols. per litre at 20°), 
and its solubility in acids and alkalis 
depends upon its previous heat treatment; 
strongly ignited, it is scarcely attacked 
even by concentrated reagents. The oxide 
is used in the preparation of most aluminium 
compounds. Corundum is widely used 
as an abrasive; emery is a form of it. 
It may be prepared artificially by fusing 
alumina in an electric furnace and allowing 
it to crystallize. Artificial gems arc pre¬ 
pared as single crystals of alumina by 
dropping the very pure finely divided 
powder through an oxy-hydrogen flame on 
to a vertical rod of refractory material. 
The alumina is fused in the flame and 
grows to a large crystal. . 

Aluminium Bolder. See Tin alloys. 
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A ' 1,S ^ 5, ( 3 o "'g m AI,(SO.)3 in 100 gm. of 
i" ““'"/ oo") Occurs naturally m con- 
Wa k? mnntities in alumstone (alumte) 
8id ^ather alum. Prepared by dissolving 
and fcathe ^ luminium hydroxide, or clay 
aluminium, in su lphuric acid ; the 

on a large scale, china 
process »s purified alumimum hy- 

f ^ide beL utilized, the last-named 
S when a very pure product 

being ncce- y bauxite con- 

* Tffthe product* with iron. Alu- 

t T'!m sulphate decomposes into alumina 

“d sulphur dtoxidc and trioxid. at 750* 

It tcadily forms double salts, among wh.ch 
U ream y fln article of commerce. 

-"Sot 1811,0 forms the anhydrous salt 
A* 1 , The sulphate is com- 

° m n ercial ‘; the most 'im orumt^ompound of 

£&1 it is used in the paper industry, 
fnr the purification of sewage and oi 
drinking water, in tanning and in dyeing 
for the preparation of mordants. 

Aluminium sulphide, AI,S,. 
nmorphous or crystalline solid, density 2*37. 
Sublimes in a vacuum at high temperature. 
Prepared, never in a pure state, by ***** 
aluminium with sulphur by Posing :hydro¬ 
gen sulphide over heated aluminium, or by 
passing carbon disulphide over heated 
alumina. Aluminium sulphide reacts with 
water to form hydrogen sulphide and 
alumina, and with siliceous materials, 
forming silicon disulphide. It forms double 
salts such as A1,S„ 3NaS and A1,S„ MgS. 
With organic aliphatic compounds it 
reacts, introducing sulphur and displacing 
hydrogen from the molecule. 

Aluminon, Ammonium aunnetnearboxy- 

lato. 

coonh 4 
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An organic reagent used for the detection 
and estimation of aluminium. It is a 
brownish-red powder, soluble in water, and 
gives a red lake with aluminium which can 
be estimated colorimetrically. It can also 
be used for detecting scandium and indium. 

Alnmino silicates are compounds of 
alumina, silica, and one or more -bases with 


or without the elements of 
have been variously considered as (a) salts 
of silicic acid in which part of the hydrogm 
is replaced bv aluminium and other metals, 

(6) double salts of aluminium and other 
metals: (c) molecular compounds the 

precise structural composition of which is 
the subject of much ingenious speculation ; 
and (d) double salts of silicic and alumimc 
acid. Quite recently, as a result of in¬ 
vestigations by X-rays, it has been shown 
that they consist of layers or sheets ot 
atoms forming a space-lattice in which ions 
rather than molecules are the units. The 
alumino silicates of importance industrially 
include the felspars, the micas, the glassy 
portion of many ceramic wares, some 
glasses, various " fusible bonds " in abrasive 
wheels, porcelain, stoneware, etc., most 
glazes and enamels, and the zeolites used 
for water-softening. In most industrial 
articles the precise composition of the 
alumno silicates present has not been fully 
established. .... 

Aluminous cement, a hydraulic cement 
closely resembling Portland cement, but 
composed chiefly of calcium aluminatc. It 
is made by heating a mixture of chalk or 
limestone and bauxite in a kind of blast¬ 
furnace or in an electric furnace until the 
mixture fuses and can be cast into blocks 
which are afterwards ground to a fine powder. 

It is often known as cimcnt fondu. The chief 
advantages over Portland cement arc: (1) 
rapid hardening so that roads or articles 
made with aluminous cement can be used 
sooner than if Portland cement had been 
employed ; and (ii) greater suitability for 
“ concrete ” used for lining furnaces. 

Alums. The name given to a group of 
crystalline double sulphates, the formula of 
which arc of the general type M/SO*. 
M, u, (S 0 4 )„ 2411,0. M* represents a uni¬ 
valent metal or radical, and may be thal¬ 
lium, ejesium, rubidium, potassium, sodium, 
ammonium, or hydroxylamine. M ul re¬ 
presents a tcrvalent element, and may be 
titanium, vanadium, chromium, manganese, 
iron, cobalt, gallium, indium, iridium, or 
rhodium. The sulphate radical may be 
replaced by sclcnate radical. These sub¬ 
stances are moderately soluble in water, and 
in solution they behave chemically as 
mixtures of the two constituent sulphates. 
Alums crystallize in cubes or octahcdra. 
The material commonly known as alum is 
the potassium aluminium sulphate, K,S0 4 , 
A1,(S0 4 )„ 24H,0 (see above). Sodium 
i and ammonium alums are also commercial 
materials. Their respective solubilities in 
r water at 10° are approximately 107 and 0-5 
i parts per 100 parts of water, respectively. 
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The mode of preparation of these two alums 
is similar to that of the potassium alum. 

Alumstone. See Alunitc. 

Alundum, an artificial form of corundum, 
made by fusing calcined bauxite in an 
electric furnace, and allowing the molten 
product to cool rather rapidly. There are 
two varieties: (1) white crystalline alun¬ 
dum containing 1 % of impurities, with M.P. 
of 2050°-2100°; and (ii) a reddish-brown 
product containing 7-10 % of impurities; 
M.P. 2000°-2050°, sp. gr. 3 9. Hardness 
9-10. Thermal conductivity almost three 
times that of fireclay. Coefficient of 
thermal expansion (100°-900°) 8G6 X 10 - *. 

Alundum is used for highly refractory 
bricks, crucibles, refractory cement, and 
muflles ; also for small laboratory apparatus 
used at high temperatures (combustion 
tubes, pyrometer tubes, etc.). A very 
similar material made in Germany is sold 
as diamantin; one made in France is sold 
as corundUe. 

Alunite (or alumstone). A mineral con¬ 
sisting of a hydrated basic sulphate of 
potassium and aluminium, 

KAI,(S0 4 ),(0H) # ; 

the potassium may be partially replaced 
by sodium. Occurs, usually in volcanic 
rocks, as white, grey or pinkish masses 
resembling limestone or marble. Sp. gr. 
2*58*2*75. Used commercially as a source 
of potash alum and of potassium sulphate. 

Amalgam. An alloy of mercury with 
some other metal or metals. Amalgams 
may be prepared by direct contact between 
mercury and the metals concerned, e.g. 
sodium, zinc, by placing mercury (or zinc 
or sodium amalgam) in contact with a solu¬ 
tion of a salt of the metal (e.g. chromium, 
iron, nickel); by placing the metal in a 
solution of a mercury salt (e.g. copper); by 
placing the metal in contact with mercury 
and dilute acid ; or, finally, by electrolyzing 
a solution of a salt of the metal, using a 
mercury cathode. Amalgams may exist 
as liquids resembling mercury, as pasty 
masses, or as crystalline solids, according 
to the quantity of metal present. Some, 
but not all, have been found to contain 
definite chemical compounds of mercury 
with the metal. Amalgams containing 
principally silver and tin are used as 
dental fillings ; amalgams used for “ silver¬ 
ing” mirrors contain lead, tin, and bismuth. 
Certain amalgams (e.g. of zinc and cadmium) 
arc used in electrical cells. 

Amalgamation. The process of forming 
an amalgam. 

Amandin. A protein, belonging to the 
globulin class, found in the kernels of plums 


and peaches and of the almond. See 
" The Vegetable Proteins,” by Osborne. 

Amatol. Explosive consisting of a mix¬ 
ture in various proportions of ammonium 
nitrate and trinitrotoluene. 

Amatorol. Explosive consisting of a 
mixture of ammonium nitrate and toxol 
(a mixture of trinitrotoluene and trinitro- 
xylcne). 

Amber. A fossil resin found in tertiary 
strata, principally on the Prussian coast 
of the Baltic. Succinite (Baltic amber) 
contains from 3 % to 8 % of succinic 
acid. 

Amber mica. See Mica. 

Amblygonite is an important ore of 
lithium; it normally has the formula 
A1P0 4 , LiF and contains about 10 % of 
lithium oxide, but part of the lithium may 
be replaced by sodium and part of the 
fluorine by hydroxyl. Amblygonite crystal¬ 
lizes in the anorthic system and in appear¬ 
ance resembles felspar, from which it is 
distinguished by a higher sp. gr. (3 01- 
3 09); hardness, 6. 

American filter (American Dorr filter). A 
rotary filter in which the filter surface is a 
series of discs divided into segments and 
mounted on a slowly rotating horizontal 
shaft as in the Vallcz filter. The lower part 
of the discs dips into an open trough con¬ 
taining slurry, and the cycle of operations is 
precisely the same as in the Oliver filter. 

Americinm. Am. At. No. 95. At. Wt. 
241. An artificial clement, obtained by 
bombarding uranium with very high energy 
helium ions in a cyclotron. It emits a 
particles (half-life 500 years). The tri- 
valcnt state is the most stable. 

Amethyst. Sec Quartz. 

Amicron. A term given by Zsigmondy 
to describe particles too small to be visible 
even in the ultramicroscope. Amicrons are 
therefore smaller than 10 mp, and are 
either small colloidal particles, molecules 
or ions. Sec Micron ; Submicron. 

Amides arc organic compounds derived 
from ammonia by substitution of one or 
more of its hydrogen atoms by organic acid 
radicals. The primary, secondary, and 
tertiary amides represent the substitution 
of one, two, and three hydrogen atoms 
respectively: 

R • CONH, (R • CO),NH (R • CO), N 

primary secondary tertiary 

amide amide amide 

The amides are crystalline solids soluble in 
alcohol and ether; some are also soluble in 
water. Primary amides are prepared by 
the action of ammonia or amines on acid 
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chlorides, distillation of the 

appropriate acid, 
ammonium s amides are formed 

Secondary ^UrUaty a^ ^ 

by rTcfdToT^ fl P nM^ Primary 
or *?“ C rict with nitrons and to give 
amides react . many cases, heating 

H5 T°o"or or b«.m-^ides; these give 
amines tvhcn treated with alkali. 

2^4-Diaminophenol dihydro- 

ch ’\ n _ccon-c,h. 

CH/ 


CH, 


N • CH,. 


sts srs js-jswjs 

alcohol. Prepared from P h ' naz ° nC . 
an analgeaic and antipyretic, but its con 
tinuou, use may lead to agranulocytos.s, 
and it i.s regarded aa a somewhat dangerous 

dr Amin.a arc organic impound, contain* 
nitrogen. They may be regarded aa derived 
from ammonia by replacement of one or 
more of its hydrogen atoms by hydrocarbon 
radicals. Replacement of one, two, and 
three hydrogen atoms results in primary, 
secondary, and tertiary amines respectively. 
Compounds in which the nitrogen forms 
part of a ring are usually known as hetero¬ 
cyclic bases and arc not regarded as true 
amines. Aliphatic, aromatic, and mixed 
aliphatic-aromatic amines arc known. I he 
term aromatic amine is sometimes reserved 
for those compounds in which the nitrogen 
atom is not directly united to the aromatic 
ring system, while those compounds in 
which it is are called aromatic anuno- 
compounds. Primary amines are obtained 
by the action of ammonia on alcohols or 
chloro-derivatives of hydrocarbons. The 
ammonia may be replaced by primary and 
secondary amines to give secondary and ter¬ 
tiary amines. Some aldehydes react with 
ammonia and hydrogen under pressure in 
presence of nickel catalysts to give amines. 
Primary amines are also obtained by reduc¬ 
tion of nitro-compounds, nitriles, ketoximes, 


Aminoacetal 

and amides, or by treating amidesiwith so¬ 
dium hypobromitc. Secondary amines arc 
obtained by reducing Sch.fTs bases A 
general reaction for the preparetion of 
amines is that between potass.um phthal 
imide and a halogen compound, with sub¬ 
sequent hydrolysis of the product. The 
aliphatic amines arc strong bases» 
lower members are soluble in water and arc 
stronger bases than ammonia ; they have 
ammoniacal or fishy odours The higher 
members are odourless solids. Aromatic 
amines are not such strong bases, while the 
aromatic amino-compounds are yet weaker. 
They are not generally soluble in water, 
and have characteristic odoure. All types 
form crystalline salts with acids and double 
salts with mercuric and stannous chlorides. 
The picrates and picrolonatcs arc crystal¬ 
line, rather insoluble salts used for the 
separation and identification of amines. 
With nitrous acid, primary aliphatic and 
aromatic amines give alcohols. Aromatic 
amino-compounds give diazonium salts in 
the cold, but these decompose to phenols if 
the reaction is carried out at higher tern- 
peratures. Secondary amines of all types 
give nitrosamines. SchifT’s bases, or azo- 
mcthincs, are formed by the action of alde¬ 
hydes on primary or secondary amines and 
amino-comixmnds. All types except ter¬ 
tiary amines give acetyl compounds with 
acetyl chloride or acetic anhydride, lhcse 
arc usually crystalline, sparingly soluble 
solids. These amines also yield sulphon- 
amidcs with aromatic sulphochlondcs. Pri¬ 
mary amines and amino-compounds react 
with chloroform and potassium hydroxide 
to give isocyanidcs, or cnrbylamincs. 
Primary and secondary amines yield de¬ 
rivatives of thiocarbamic acid with alcoholic 
carbon disulphide, while aromatic amino- 
compounds give substituted thioureas. 
The aromatic amino-compounds arc of 
great importance as dyestuff intermediates. 

Amin o-. A prefix used in organic 
chemistry to denote that a compound 
contains an amino group (—NH 2 ) joined 
directly to a carbon atom. Formerly the 
prefix amido was also used but this is now 
usually restricted to compounds containing 
the amide group (—CO • NH,). 

Aminoacetal, C.HjjOjN, 

HjN CH, • CH(OC,H,)„ 

is a colourless, oily liquid with an am¬ 
moniacal odour. B.P. 172°-174°. Miscible 
with water and alcohol; insoluble in con¬ 
centrated solutions of sodium hydroxide. 
Prepared by the action of ammonia on 
chloroacetal. Hydrochloric acid converts it 
to aminoacctaldehyde. Condensation with 
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Aminoanthraquinone 


aromatic aldehydes gives isoquinoline de¬ 
rivatives. 

Amino-acids. A large class of organic 
compounds containing both the carboxyl, 
COOH, group and the amino, NH„ group, 
for example glycine, II,N • CH, • COOH. 
The chief importance of the amino-acids 
lies in their formation when proteins arc 
split by hydrolysis, showing that the protein 
structure is built up almost entirely of 
amino-acid groupings. The amino-acids 
obtained from proteins are all a-amino- 
acids, with the amino group attached to the 
same carbon atom as the carboxyl group. 
The following amino-acids are recognized as 
constituents of almost all proteins : 

Neutral amino-acids with as many amino 
groups as carboxyl groups : glycine, 
alanine, serine, cysteine, cystine, threonine, 
valine, methionine, leucine, isoleucine, 
phenylalanine, tyrosine, tryptophan. 

Acidic amino-acids with two carboxyl 
groups to one amino group : aspartic 
acid, glutamic acid. 

Basic amino acids with two amino 
groups to one carboxyl group : arginine, 
histidine, lysine. 

In addition, proline and hydroxyproline, 
which contain imino (NH) groups and are 
thus not strictly amino-acids, are generally 
regarded as such when classed among 
protein hydrolysates. The amino-acids are 
colourless crystalline substances which melt 
with decomposition. They are mostly 
soluble in water and insoluble in alcohol. 
With the exception of glycine, they are 
optically active. As they possess both 
acidic and basic groups they form a very 
large number of compounds, by virtue of 
which they can be separated from each 
other in protein hydrolysates. An im¬ 
portant method of separation depends on 
the relative solubilities of the copper salts, 
and another important method involves 
extraction with butyl alcohol. Amino- 
acids can be estimated by titration with 
alkalis in presence of formaldehyde ( Formol 
titration), by titration with alcoholic potas¬ 
sium hydroxide to thymolphthalein in pre¬ 
sence of alcohol, by treatment with nitrous 
acid and estimation of the nitrogen pro¬ 
duced (van Slyke’s method), and colori- 
mctricnlly by the ninhydrin reaction. 

As constituents of proteins the amino- 
acids are important constituents of the food 
of animals. Certain amino-acids can be 
synthesized in the body from non-nitro- 
genous sources ; others can be made from 
other amino-acids, e.g. tyrosine from 
phenylalanine and cystine from methionine, 
but many are essential ingredients of 
the diet. The list of essential amino-acids 


depends partly on the species; for the 
rat. Rose and his co-workers have shown 
the following to be needed for maximum 
growth : lysine, tryptophan, histidine, 
phenylalanine, threonine, leucine, iso- 
leucinc, methione, valine, and arginine. 
The chick needs, in addition, glycine and 
glutamic acid. It has been shown that man 
can remain in nitrogen equilibrium on the 
same ten amino-acids as the rat, but may be 
able to dispense with histidine and arginine. 

The proteins of the food are broken down 
during digestion to amino-acids ; these arc 
absorbed into the blood and carried to 
various organs. The subsequent fate of 
the various amino-acids differs, and for 
accounts of this and other aspects of 
amino-acids chemistry and metabolism the 
reader is referred to Mitchell and Hamilton’s 
monograph on “ The Biochemistry of the 
Amino-Acids,” and articles each year in the 
Annual Review of Biochemistry. 

a-Aminoanthraquinone, C t «II t O t N. 

It forms red prisms with 
a metallic reflex, M.P. 

252*. It is most con¬ 
veniently crystallized from 
xylene. It is basic and 
can be diazotized with 
nitrous acid after the 
manner of a typical aro¬ 
matic amine. 

It is best prepared by the prolonged 
action of concentrated ammonia solution 
at a high temperature upon anthraquinonc- 
ot-sulphonic acid in the presence of burium 
chloride. It can also be prepared by reduc¬ 
tion of the nitro compound or by amination 
of the chloroanthraquinonc. 

It is used in the dispersed form as a dye 
for acetate silk, though it has no affinity for 
other fibres. It is also used as a starting 
point for alkyl- or acyl-aminoanthraquinoncs 
which are used either as vat dyes or, after 
sulphonation, as acid wool dyes. 

^-Aminoanthraquinone, C u H # 0,N. 

It forms orange-red 
needles, M.P. 302°. It 
is insoluble in water, 
but soluble in chloro¬ 
benzene and nitroben¬ 
zene. It is basic, and 
forms salts with mineral 
acids which are dissoci¬ 
ated by water. It can 
be diazotized by the action of nitrous acid. 

It is best prepared by the prolonged action 
of ammonia at 200 ° on anthraquinone-/?- 
sulphonic acid in the presence of manganese 
dioxide or a barium salt. It can also be 
prepared by amination of /?-chloranthra- 
quinone. 
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It is used in the dispersed form as a dye 
for acetate silk. It has no affinity for 
cellulose fibres. Its chief outlet is as an 
intermediate in the preparation of flavan- 
threne and indanthrene. Flavanthrene is 
obtained by heating 0-aminoanthraquinone 
with antimony pentachloride in nitro¬ 
benzene solution ; indanthrene is obtained 
by fusion with caustic potash. 

Aminoazobenzene, C„H„N,. 
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It crystallizes in brownish-yellow needles, 
M.P. 127°. The hydrochloride forms steel- 
blue needles. 

It is prepared by an intramolecular trans¬ 
formation of diazoaminobenzene under the 
action of aniline hydrochloride, or in one 
stage by diazotizing a solution of aniline 
and aniline hydrochloride with an insufficient 
amount of nitrous acid. 

It is used as a first component in the pre¬ 
paration of azo-dyes. It is also used for 
the preparation of induline, which is an 
azinc derivative obtained by heating amino- 
azobenzene with aniline hydrochloride. 

Aminoazo-dyes. Sec Azo-dyes. 

o-Aminobenzoic acid. See Anthranilic 
acid. 

p-Aminobenzoic acid, C 7 H t O,N. 

Yellowish - red crystals, M.P. COOH 
180°-187°, soluble in water and 
alcohol. p-Aminobenzoic acid is 
antagonistic to the action of the 
sulphonamides. The theory has 
been put forward that the sulph- 
onamidcs act by competing with p-amino- 
bcnzoic acid for a place in the structure of 
some essential enzyme. In support of this 
p-aminobcnzoic acid has been found to be 
an essential constituent for the growth of 
certain micro-organisms and is now in¬ 
cluded in the vitamin B group. It acts 
in dilutions of the order of one part in 
100 millions. 

p-Aminodiphenylamine, C ia H at N t . 
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M.P. 75°. When oxidized in acid solution 
with ferric chloride or hydrogen peroxide a 
green dye, emeraldine, is produced. 

Prepared by the reduction of p-nitroso- 
diphenylaminc with ammonium sulphide. 

Aminoethyl alcohol. See Ethanolamines. 

Aminonaphthols, C, 0 H,ON. 


NHj, OH 



OH 


iNH, 
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These are compounds in which two of the 
hydrogen atoms of the naphthalene mole¬ 
cule are replaced by an amino and by a 
hydroxy group. A great many of such 
compounds exist in which the entering 
groups are in different positions. Usually 
prepared by reduction of the nitro-naphthols. 
The sulphonated aminonaphthols are valu¬ 
able dyestuffs’ intermediates, but they are 
not usually prepared by this route. 

o-Aminophenol, C 6 II 7 ON. It 
crystallizes in colourless scales, 

M.P. 174*. The crystals darken 
on exposure to air. Slightly 
soluble in water, more so in 
alcohol. It forms a hydrochloride 
which is readily soluble in water and alcohol. 

It is prepared by reduction of o-nitro- 
phenol with sodium sulphide, and is used 
as a hair and fur dye. 

p-Aminophenol, C,H,ON. 

Colourless leaflets, M.P. 184°. 

Slightly soluble in water, soluble 
in alcohol. Oxidizes quickly in air. 

Very soluble in acid and alkaline 
solutions. 

Prepared by reduction of p-nitrophenol 
with iron and hydrochloric acid, or of 
p-nitrosophenol with sodium sulphide. Can 
be diazotized and used as a first component 
in azo-dyes. Chief outlet is for sulphur 
dyes in which it is fused with sodium 
polysulphides. 

Amino-plastics. A group of plastics 
materials made from resins derived from 
amino compounds such as urea, thiourea, 
melamine and aniline by reaction with 
formaldehyde. 

Am mines. These arc compounds, formed 
by the addition of ammonia to a metallic 
compound, in which the nitrogen atoms arc 
linked directly to a metal by co-ordinate 
bonds. See Cobaltammincs, Nickclam- 
mines. 

Ammonal. Explosive of varying com¬ 
position, consisting of a mixture of am¬ 
monium nitrate, trinitrotoluene, aluminium 
powder, and charcoal. 

Ammonia, NH,. A colourless gas with 
a characteristic pungent odour, d 0-7708 
gm./l.; readily liquefied by cooling or 
compression, the liquid being colourless, 
B.P. — 33-4°, forming a white solid, M.P. 
— 77-7°, on further cooling. Critical tem¬ 
perature, 132-5°; critical pressure, 112-3 
atm. Ammonia is very soluble in water, 
the saturated solution at 15° containing 
36-9 % of NH„ and having a density of 
0-875; the gas is also soluble in alcohol. 
All the gas is expelled from these solutions 
on boiling. The aqueous solution is alka¬ 
line, and probably contains free ammonia, 
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together with the weak base NH 4 OH. 
Gaseous ammonia was first prepared by 
Priestley (1774), (“ alkaline air "); a solution 
of ammonium carbonate, known as " spirits 
of hartshorn " or “ sal volatile, " was known 
previously, and Kunkcl (1710) obtained a 
solution of ammonia from this by distillation 
with lime. Ammonia occurs to a small 
extent naturally, in the atmosphere, and in 
the soflloni of Tuscany; it is formed by 
distillation of organic matter containing 
nitrogen with soda lime. The chief com¬ 
mercial sources of ammonia are the gas¬ 
works, in which by-product ammonia is 
usually isolated as ammonium sulphate, 
and certain processes in which the gas is 
synthesized from hydrogen and atmospheric 
nitrogen. In the Haber process a mixture 
of nitrogen and hydrogen in the theoretical 
proportions (3 vols. H, : 1 vol. N t ) is com¬ 
pressed to 100-200 atm. pressure, and cir¬ 
culated over a catalyst consisting of iron 
and molybdenum, at 500°. The issuing 
gases contain ammonia, which is condensed 
out by cooling. In the now obsolescent 
cyanainide process, nitrogen was passed 
over heated calcium carbide, CaC„ giving 
calcium cyanamidc, CaCN,; this was 
treated with steam under pressure, when 
ammonia and calcium carbonate were 
produced. In the laboratory ammonia is 
prepared by heating an ammonium salt 
with slaked lime, the gas being dried by 
passing over quicklime. Ammonia does not 
bum readily in air, but ignites, giving a 
yellowish-brown flame, in an atmosphere of 
oxygen ; a mixture of ammonia and oxygen 
in certain proportions may be exploded with 
on electric spark ; such mixtures also react 
readily on passing over a heated platinum 
catalyst, nitric oxide being formed. Am¬ 
monia is also oxidized to nitrogen by passing 
over many heated metallic oxides. Passed 
over heated sodium or potassium, sodamide, 
NoNH„ and polassamide, KNH„ arc pro¬ 
duced. Ammonia joins ndditivcly with 
many compounds, forming ammincs. Liquid 
ammonia is an excellent solvent for certain 
substances, which ionize in the solutions, 
and give ionic reactions similar to those 
occurring in aqueous solution. Ammonia 
gas may be detected by its alkaline reaction 
in presence of moisture, its odour, or by the 
blackening of moist mercurous nitrate paper. 
Traces of dissolved ammonia may be de¬ 
tected and estimated by the use of Ncssler’s 
reagent (q.v.). Ammonia is used com¬ 
mercially in the manufacture of ammonium 
sulphate and other fertilizers, and to a 
smaller extent in refrigerating plants. 
Synthetic ammonia is also manufactured 
for conversion to nitric oxide and nitric 


acid by catalytic oxidation. Ammonia is 
marketed as the liquid, compressed in 
cylinders ("anhydrous ammonia"), or as 
aqueous solutions of different strengths. 
The saturated solution is known commer¬ 
cially as “ 880 ammonia," its density being 
approximately 0-880. 

Ammoniacal liquor. An aqueous liquid 
containing admixed tarry matter and 
organic compounds, which is obtained by 
condensation from the gas issuing from the 
retorts in coal-gas manufacture. The liquor 
contains free ammonia, and various am¬ 
monium salts, some of which (c.g. the car¬ 
bonates and sulphides) are decomposed on 
boiling, evolving ammonia, and 6omc of 
which are only decomposed by boiling with 
lime. The ammonia is recovered in “ am¬ 
monia stills," in which the ammoniacal 
liquor is treated with steam and lime ; the 
ammonia evolved is passed through 60 % 
sulphuric acid, with which it combines, 
forming ammonium sulphate. Alterna¬ 
tively, the ammonia is purified from traces 
of tarry matter and hydrogen sulphide, 
and dissolved in water to a 25 % solution, 
which is an article of commerce. 

Ammonium. The name applied to the 
univalent radical NH 4 , which forms a 
group of compounds similar to those of the 
alkali metals. Free ammonium has not yet 
been isolated, but the action of sodium on 
ammonium iodide in liquid ammonia solu¬ 
tion at - 70° probably gives a solution of 
ammonium in ammonia; the ammonium 
decomposes into ammonia and hydrogen 
above - 40°. Electrolysis of an aqueous 
ammonium chloride solution with a mercury 
cathode causes the mercury to swell into 
a pasty mass which is unstable at ordinary 
temperatures, hydrogen and ammonia being 
evolved in the proportions required by the 
equation 2NH 4 =» 2NH, + H,; the pasty 
mass, “ ammonium amalgam,” may contain 
ammonium. Ammonium salts are formed 
by the action of ammonia on acids, c.g. 

NH, + HC1 *= NH 4 C1. 

Ammonium acetate, NH 4 C,H,O t . White 
hygroscopic crystals, very soluble in water. 
It decomposes on heating, and even in cold 
water the solution is acid to litmus. 

Amm onium benzoate, NH 4 C 7 H 6 O t . 
Colourless rhombic crystals, soluble 1 part 
in 5 of cold water, more soluble hot. The 
administration of this salt increases the 
acidity of the urine, and is useful in catarrh 
of the bladder, especially when combined 
with htxamine. It is eliminated in the 
urine as hippuric acid. It is also employed » 
as an expectorant in chronic bronchitis 
when it aids in loosening tenacious phlegm. 
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Ammoninmbicarbonate. See Ammonium 

hydrogen carbonate. 

Ammonium bromide, NH 4 Br. A colour¬ 
less crystalline solid with a strongly saline 
taste, which slowly turns yellow on ex¬ 
posure to air owing to liberation of free 
bromine. It is readily soluble in water 
(74 gm. per 100 gm. water at 20°). The 
salt sublimes on heating, the vapour being 
partially dissociated into hydrogen bromide 
and ammonia. It is commonly prepared by 
the action of hydrogen bromide on am¬ 
monia, in the gaseous state or in solution. 
Additive compounds of the bromide with 
bromine (e.g. NH 4 Br,), and with ammonia 
(e.g. NH.Br, 3NH,) have been described. It 
possesses the general sedative properties of 
the bromides, but it is absorbed rather more 
readily than the alkali bromides, and it has 
less depressing action. 

Ammonium carbonate, (NH 4 ) t CO, (“sal 
volatile ”). The white solid known com¬ 
mercially as “ ammonium carbonate “ is a 
double salt of ammonium hydrogen car¬ 
bonate and ammonium carbamate, having 
the formula NH 4 HCO„NH,COONH 4 ; this 
is manufactured by heating a mixture of 
chalk and ammonium chloride or sulphate, 
the " carbonate ” subliming on to the walls 
of cooled chambers. The salt has a strong 
odour of ammonia, and on exposure to air 
decomposes, leaving solid ammonium hy¬ 
drogen carbonate. It is used in baking 
powders and smelling salts, and in dyeing 
and wool-scouring. It has a stimulating 
action on the stomach, and is used in the 
preparation of sal volatile. It is also a 
valuable expectorant, and is one of the 
usual ingredients of smelling salts. The 
true ammonium carbonate, (NH 4 ),CO„ is 
formed on treating the commercial salt with 
ammonia, and crystallizes as plates or 
prisms which are very soluble in water, and 
readily decompose into ammonia, carbon 
dioxide, and water, on heating. 

Ammonium chloride, NH 4 C1 (“sal am¬ 
moniac ”). A white crystalline solid, often 
possessing a fibrous structure, and having 
a characteristic saline taste. It is readily 
soluble in water (at 20°, 37-2 gm., and at 
100 °, 77-3 gm. per 100 gm. water); a solu¬ 
tion in contact with excess of the solid salt 
boils at 115 0°. Ammonium chloride is 
manufactured from the ammoniacal liquor 
of the gas-works, the ammonia from the 
liquor being passed into hydrochloric acid ; 
it may also be manufactured by crystalliza¬ 
tion of a solution containing ammonium 
sulphate and sodium chloride, or by the 
action of ammonium carbonate on calcium 
chloride solution. A very pure product is 
obtained by mixing gaseous ammonia and 
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hydrogen chloride at 250°-300°. The salt 
is purified commercially by sublimation, and 
may then contain traces of iron from the 
sublimation apparatus. Ammonium chloride 
dissociates into ammonia and hydrogen 
chloride on heating. The salt is used in 
galvanizing, as a soldering flux, in dyeing 
and calico printing, and in the manu¬ 
facture of Leclanch6 and “dry” cells. 
It is not, in general, suitable as a fertilizer, 
owing to its chlorine content. 

Ammonium chromate, (NH 4 ),Cri) 4 . A 
solid forming golden-yellow monoclinic 
prisms, prepared by neutralizing chromic 
acid with ammonia and crystallizing the 
solution. The salt is soluble in water. On 
warming it decomposes into the dichromatc, 
ammonia, and water. A very large number 
of double salts derived from ammonium 
chromate (e.g. NH 4 NaCr0 4 , 2H*0 ( and 
BaCri) 4 , (NH 4 ),Cr0 4 ) have been prepared. 

Ammonium citrate, 

c 4 H 4 o,(NH 4 )„ h,o. 

A very deliquescent crystalline white 
powder, which readily loses ammonia, 
becoming partially converted to an acid 
salt. It is very soluble in water. It is 
used medicinally as an expectorant and 
diuretic. 

Ammonium dichloroiodide, NII 4 CI,I. A 
scarlet crystalline solid, prepared by the 
action of chlorine on an aqueous solution of 
ammonium chloride containing iodine in 
suspension, or by passing chlorine into 
ammonium iodide solution. The salt may 
be preserved indefinitely in a sealed con¬ 
tainer, and is the most stable trihalidc 
known ; on warming, it decomposes into 
ammonium chloride and iodine mono¬ 
chloride. 

Ammonium dichromate, (NH 4 ) 2 Cr t O T . A 
red crystalline solid, prepared by mixing a 
chromic acid solution with half the quantity 
of ammonia solution required for complete 
neutralization, and crystallizing. The salt 
is very soluble in water. On heating it 
readily decomposes into nitrogen, water, 
and chromium sesquioxide, although the 
composition of the last is rarely stoichio- 
metrical. 

Ammonium fluoride, NH 4 F. A deli¬ 
quescent solid, forming colourless hexagonal 
laminar crystals possessing a strong saline 
taste, prepared from gaseous ammonia and 
hydrogen fluoride. The salt dissolves in its 
own weight of water at 0 ° ; it is extensively 
hydrolysed in the solution, which must be 
kept in gutta-percha or ceresin bottles. 
Ammonium fluoride is stable at ordinary 
temperatures; on heating it melts and 
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then sublimes. It is used as a disinfectant 
and preservative. 

Ammonium hippurate, 

c,h 6 • CO NH • CH 2 COONH 4 . 

The ammonium salt of hippuric acid 
(benzoylaminoacetic acid) is administered 
for the relief of gout and rheumatism. It is 
stated to have an action in reducing blood 
pressure, and is given in combination with 
other medicaments for this purpose. 

Ammonium hydrogen carbonate (Am¬ 
monium bicarbonate), NH 4 HCO a . A white 
crystalline solid, moderately soluble in 
water (21 gm. per 100 gm. water at 20 ); 
formed by the decay of nitrogenous 
material, and occurring in guano. Manufac¬ 
tured by the action of carbon dioxide and 
8 team on ammonium carbonate solution, or 
by the interaction of ammonia, carbon 
dioxide, and water vapour at the ordinary 
temperature. The salt is also formed by 
the slow decomposition of ammonium car¬ 
bonate, or the commercial "carbonate," 
at normal temperatures. It is used us a 
substitute for the sodium salt in baking 
powders. It is more stable in the dry state 
than is ammonium carbonate, while its medi¬ 
cinal properties are the same. It is therefore 
used instead of the carbonate in the pre¬ 
paration of capsules and compressed tablets. 

A mm onium hydroxide, NH*OH. A weak 
base, contained in aqueous ammonia solu¬ 
tions, which on combination with acids gives 
ammonium salts. The two hydrates 
NH,, HjO and 2NH„ 11,0 are formed on 
freezing of aqueous ammonia solutions; 
the former, formed at - 70° from a 49 % 
solution, may have the constitution of 
ammonium hydroxide, as it resembles the 
alkali hydroxides in general character. 

Ammonium iodide, NIIJ. A salt forming 
colourless deliquescent cubic crystals, pre¬ 
pared by addition of alcohol to a concen¬ 
trated solution of potassium iodide and 
ammonium sulphate, when potassium sul¬ 
phate separates, leaving a solution from 
which ammonium iodide may be crystal¬ 
lized.' Solubility in water, 167 gm. per 100 
gm. of water at 15°. The salt sublimes on 
heating, partial decomposition occurring in 
presence of air. In concentrated aqueous 
solution it combines with iodine, forming 
ammonium tri-iodide, NH t I,; additive 
compounds with ammonia (e.g. NHJ, 
3NH, and NHJ, 4NH,) are known. Am¬ 
monium iodide is used in the photographic 
industry. 

Ammonium molybdates. Several am¬ 
monium molybdates are known. The 
commercial salt, prepared by dissolving 


molybdenum trioxide in ammonia and 
crystallizing the solution, is ammonium 
paramolybdate, (NH 4 ),Mo 7 0, t , 4H,0, and 
forms large colourless or bluish crystals, 
soluble in water. This salt dissolves in 
ammonia, giving a solution of the normal 
molybdate, (NH 4 ),Mo0 4 . from which the 
crystalline salt may be precipitated by 
addition of alcohol; the solid evolves am¬ 
monia on exposure to air, and is decomposed 
by water. Other ammonium molybdates 


(e.g. (NH 4 ),Mo,O 10 , H.O and 

(NH 4 ),Mo 4 O m , 


2H.O) 


are unimportant. 

Amm onium nitrate, NH 4 NO,. A white 
crystalline solid, usually deliquescent, owing 
to the presence of impurities; d 1-72; 
M.P. 160° C.; solubility in water, at 20° 
102 gm., at 100° 871 gm. per 100 gm. water. 
Manufactured by the action of ammonia on 
nitric acid, the latter generally also being 
prepared from ammonia by catalytic oxida¬ 
tion. On heating above the M.P., the 
nitrate decomposes into nitrous oxide und 
water; in presence of oxidizablc substances 
the decomposition may reach explosive 
violence. The solid salt readily absorbs 
dry ammonia, forming u colourless liquid 
(" Divers’s liquid") which is probably a 
solution of ammonium nitrate in liquid 
ammonia, but may contain definite com¬ 
pounds ; the liquid dissolves certain metals, 
the nitrate being reduced to nitrite. Am¬ 
monium nitrate is used as a fertilizer, and 
as an important constituent of explosives; 
amatol contains ammonium nitrate with 
about 20 % of trotyl. 

Ammonium nitrite, NH 4 NO,. A yellowish 
solid forming feathery, deliquescent needle 
crystals. Occurs as a product of the oxida¬ 
tion of ammonia, especially in presence of 
catalysts; conveniently prepared by the 
action of barium nitrite on ammonium 
sulphate in aqueous solution ; the precipi¬ 
tated barium sulphate is filtered off, a solu¬ 
tion of ammonium nitrite remaining. The 
salt decomposes at 60°-70°, sometimes 
explosively, into nitrogen and water. 

Amm onium oxalate, (NH 4 ),C t 0 4 , H t O. 
Colourless rhombic prisms, soluble in cold 
water up to 4 %. It occurs in guano. 
The acid salt, C,0 4 HNH 4 , H a O, is less 
soluble, and with oxalic acid gives triclinic 
crystals of ammonium quadroxalate, 


C,0 4 HNH 4 • Cj0 4 H a , 211,0. 

Ammonium oxide, (NHJ,0. Ammonium 
oxide has not been isolated with certainty, 
although the hydrate 2NH„ HjO, deposited 
at — 79° from a 65 % aqueous ammonia 
solution, may possibly have this constitution. 



Ammonium 


Ammonium 

Ammonium peroxide*. Dry ammonia 
JSTwith a 98 % ethereal solution of 
Iwdroeen peroxide at - 10 °, a crystalline 
precipitate of <NH.),0„ H,0„ M.P. 14 . 
Line formed. Further treatment with 
ammonia converts this to an oily substance, 

(NHJaO,. The ,atter readi, y. decom P° ses - 

evolving ammonia and reforming 

(NH 4 )A. H,O t . 

Ammoniom persulphate, (NH 4 ),S i O,. A 
colourless solid forming monoclinic crystals ; 
soluble in water (58 gm. per 100 gm. water 
at 0°), being more soluble than any other 
persulphate. Prepared by electrolysis of 
a cooled saturated solution of ammonium 
sulphate in dilute sulphuric acid, using a 
high current density at the anode; the 
persulphate is formed in solution, or crys¬ 
tallizes. round the anode, the anode liquid 
usually being isolated with a suitable 
diaphragm. In absence of moisture and 
light the salt is stable. It is a powerful 
oxidizing agent; on warming with nitric 
acid, oxygen containing a large percentage 
of ozone is evolved. An ammoniacal sol- 
ution of ammonium persulphate is used to 
strip brass plating from iron. 

Ammonium phosphates. Three crystalline 
ammonium phosphates are known, the 
monammonium, diammonium, and triam¬ 
monium salts, 

NH 4 H,P0 4 . (NH 4 ) 2 HP0 4 , and (NH 4 ),P0 4 . 

respectively. These arc all soluble in 
water, the diammonium salt having the 
highest solubility at 25°. All are manu¬ 
factured by the action of ammonia on 
phosphoric acid under controlled conditions. 
The salts are important fertilizers. The 
monobasic salt, NH 4 H 2 P0 4 , and the dibasic 
salt, (NH 4 ),HP0 4 . are both used in medicine 
to a small extent for their saline action. 
They have a diuretic effect and, like most 
ammonium salts, render the urine more 
acid. 

Ammonium sulphate, (NH 4 ) 2 S0 4 . A 
colourless crystalline solid, readily soluble 
in water (at 20° 75-4 gm., and at 100° 103-3 
gm. per 100 gm. water). Obtained in coal- 
gas manufacture from the “ ammoniacal 
liquor ” (g.oj; also manufactured from 
synthetic ammonia by absorbing the latter 
in sulphuric acid and crystallizing the solu¬ 
tion. In another process the ammonia is 
dissolved in water and converted to am¬ 
monium carbonate by treatment with 
carbon dioxide; calcium sulphate, in the 
form of gypsum or anhydrite, is added, and 
the suspension stirred at 70° for several 
hours. The precipitated calcium carbonate 
is filtered off, excess ammonium carbonate 


decomposed by boiling, and the resulting 
solution of ammonium sulphate crystallized. 
The sulphate is the most important am¬ 
monium salt, owing to its wide use as a 
fertilizer; the world production is over 
three million tons per annum. 

Ammonium sulphides. Colourless crystals 
of normal ammonium sulphide, (NH 4 ),S, 
are formed from ammonia and hydrogen 
sulphide at - 18°. This compound gives 
an alkaline reaction, and is stable only at 
low temperatures, decomposing into am¬ 
monium hydrogen sulphide and ammonia 
on warming. White crystals of ammonium 
hydrogen sulphide, NH 4 HS, M.P. 120° in a 
closed tube, are formed on mixing ammonia 
and hydrogen sulphide in ethyl acetate 
solution. The salt is soluble in water, 
undergoing hydrolysis, and readily oxidizing 
on exposure of the alkaline solution to air 
or oxygen, giving a yellow solution contain¬ 
ing polysulphides with ammonium sulphite 
and thiosulphate. Various polysulphides 
(e.g. (NH 4 ),S 4 , (NH 4 ) 2 S 4 , (NH 4 ) t S 7 ) have 
been described as yellow, orange, or red 
crystalline solids, but their individuality is 
doubtful. A solution of the hydrosulphide 
prepared by passing hydrogen sulphide 
through strong aqueous ammonia is used in 
qualitative analysis ; “ yellow ammonium 
sulphide," which finds a similar use, is 
formed from the hydrosulphide solution 
by oxidation, or by digesting it with 
sulphur. 

Ammonium tartrate, C 4 H 4 0 4 (NII 4 ) 2 . 
Colourless efflorescent monoclinic crystals, 
readily soluble in water. It has a mild 
diuretic action, and is used in the treatment 
of lime bums in the eye. 

Ammonium thiocyanate, NH 4 CNS. A 

colourless solid, crystallizing as monoclinic 
plates, M.P. about 150°. Soluble in water 
(162 grn. in 100 gm. water at 20°). Manu¬ 
factured by heating carbon disulphide with 
an alcoholic ammonia solution, 

CS 2 + 4NH, = NH 4 CNS + (NIi 4 ) a S. 

The salt is readily transformed into the 
isomeric thiourea, CS(NH 2 ) 2 , on warming. 
Ammonium thiocyanate is used as a test for 
iron; it gives a characteristic blood-red 
coloration with solutions of ferric salts. It 
is also used in explosive manufacture, and in 
photography. 

Ammonium vanadate, NH 4 V0 3 , is pre¬ 
pared by dissolving vanadium pentoxidc 
in an excess of aqueous ammonia solution ; 
the salt is obtained as a white powder by 
evaporation of the solution, or by addition 
of sufficient ammonium chloride or alcohol. 
Ammonium vanadate is sparingly soluble 
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in water (5*18 g. per 1000 g. of water at 
15°). When heated at 135°-210° the salt 
loses ammonia and forms an ammonium 
/rivanadate, NH 4 V,O g ; at higher tem¬ 
peratures more ammonia is driven off, 
and a residue of lower oxides of vanadium 
remains. 

Ammophos. Ammonium phosphate, 
utilized as a fertilizer. 

Amorphous. A term applied to 6olids 
denoting absence of crystalline form and of 
an ordered arrangement of the molecules in 
a space-lattice or three-dimensional geo¬ 
metrical pattern. Such solids show no 
"cleavage planes,” i.e. directions in which 
fracture is comparatively easy, and give 
an irregular or " conchoidal,” fracture, like 
glass. Many substances once thought to 
be amorphous have recently been shown 
by X-ray analysis to consist of minute 
crystals. Others are probably supercooled 
liquids. See Devitrification. 

Ampere, Andr6 Marie (1775-1830). Bom 
at Polemicux, near Lyons, Ampfcre was 
appointed in 1801 professor of physics and 
chemistry at Bourg, and in 1809 he became 
professor of mathematics at the Kcole 
Polytcchnique in Paris. His fame rests 
on his establishment of the relationship 
between electricity and magnetism and his 
development of the science of electro¬ 
magnetism. 

Amphetamine (trade name benzedrine), 
/J-aminopropyl-benzene, C,H,,N. 

A colourless liquid, 
which distils with some 
decomposition at 200 °. 

Slightly soluble in water, 
more soluble in alcohol, 
readily soluble in acids. It is prepared by 
the reduction of phenylacetone oxime. It 
is a vasoconstrictor, resembling adrenaline 
in its properties, and when inhaled relieves 
hay-fever and catarrh. Its sulphate, which 
is readily soluble, when taken by mouth 
has a stimulating effect, causing an increase 
in mental activity and a feeling of well¬ 
being. 

Amphoteric electrolyte, ampholyte. This 
term refers to substances which behave 
both as acids and as bases. 

Amphoteric oxide or hydroxide. An 
oxide or hydroxide which can be acidic or 
basic in function, i.c. can combine with an 
acid or a base to form a salt. Zinc oxide 
dissolves in acids to form zinc salts (basic 
function), and also in alkalis to form zincalcs 
(e.g. Na,ZnO,) (acidic function); it is thus 
amphoteric. Aluminium hydroxide ( q.v .) is 
an amphoteric hydroxide. 


CII,—CH—NH, 
0 1h - 


Amydricaine hydrochloride is the hydro¬ 
chloride of benzoyltctramethyldiaminodi- 
methylethylcarbinol. 


CH,\v p.. 

ch,/ n “ ch * 


\ 


C,H,—C . CO . C,H & 

cS;>— c »* 

It is a white crystalline powder, M.P. about 
169% soluble in water and alcohol. It is 
a local anaesthetic, very similar in con¬ 
stitution to amylocaine, but considerably 
more toxic and is used in ophthalmic 
practice. 

Amygdalin, C^H^OnN, is a cyanophoric 
glycoside found in the kernels of most 
fruits belonging to the Rosace®, particu¬ 
larly in bitter almonds. It is one of the 
oldest and best-known of the glycosides 
though its exact structure long eluded 
chemists. It is gentiobiose mandclonitrilc, 
C,H»CH(CN) • O • C,H I0 O, • O • C 4 II n O s . 
Emulsin hydrolyses it to bcn/.aldehydc, 
prussic acid, and glucose, hence the smell 
and taste when a bitter almond is masti¬ 
cated. Yeast splits off one molecule of 
glucose, leaving mandclonitrilc - (i - gluco- 
side. Gentiobiose has only been obtained 
directly from amygdalin by catalytic hydro¬ 
genation in presence of palladium. It has 
M.P. 210% («J D - 42% It is widely used 
as a flavouring material in the form of 
essence of bitter almonds. 

Amyl, normal, n-Amyl-, is the radical 
CH, • CH, • CH, • CH, • CH,—. 

Amyl, secondary, is the radical 
CH,CH,CH,v 

>CH— 

CH/ 

Amyl, tertiary, is the radical 
CH, 

CH,CH,—C— 

CH,^ 

Amyl acetate, C,H m O„ is a colourless, 
volatile liquid with a strong pcar-likc odour, 
D“ 08762, B.P. 138 5°. Very slightly 
soluble in water; miscible with alcohol and 
ether. Manufactured by heating amyl 
alcohol with potassium acetate and sul¬ 
phuric acid or by heating amyl alcohol 
with acetic ester in presence of a little sul¬ 
phuric acid. Commercial amyl acetate is 
usually a mixture of isoamyl acetate, 
(CH,),CH,CH,CH,0 • OC • CH„ 
with varying amounts of active amyl 
acetate, 

CH,CH,CH(CH,)CH,0 • OC • CH 3 . 
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It is used as a solvent for cellulose acetate 
lacquers and paints: an alcoholic solution 
is used for flavouring purposes as “ essence 
nf Jargonelle pears.” ... 

Amyl alcohols, C 4 H„0. Eight alcohols 
0 f this formula arc possible. The amyl 
alcohol of commerce is obtained by distilla¬ 
tion of fusel oil and is a mixture of isoamyl 
alcohol with from 13 to 00 % active 
amyl alcohol; it has B.P. 128M82'. It is 
used in the preparation of amyl acetate, 
amyl nitrite, and amylene. The most im¬ 
portant of the amyl alcohols are: (1) iso¬ 
amyl alcohol, isobutyl carbinol, 
(CHj),CHCHjCH,OH, 
a colourless liquid with an unpleasant odour; 
inhalation of its vapour causes violent 
coughing, D° 0 823. B.P. 131-4*. Soluble 
in water to 3-4 % ; water is soluble in 
the alcohol to 2 %. Obtained from fusel 
oil or by treating monochlor-isopentane 
with sodium hydroxide. Oxidized by 
chromic acid to isovaleric acid; ( 2 ) active 
amyl alcohol, sec. butyl carbinol, 
CH,CH,CH(CH,)CH t OH, 

B.P. 128 °, [aj” - 5-90° ; (3) normal amyl 
alcohol, 

CH,CH 1 CH,CH a CH > OH, 

B.P. 137°. Obtained by treating n-chlor- 
pentanc with sodium hydroxide; (4) amy¬ 
lene hydrate, tert. amyl alcohol, 

CII,CH,C • (CH,),OH, 


is a colourless liquid with a penetrating 
camphor-like odour, D* 0-844, B.P. 102°. 
Prepared from 0-isoamylene by passing this 
into sulphuric acid and then diluting with 
water. Complex mixtures of various amyl 
alcohols are manufactured in U.S.A. from 
chloropcntanes derived from petroleum. 

Amylase, diastase. Amylases are widely 
present in animal and plant tissues serving 
to break down starches and glycogen to the 
maltose stage. In malting, diastase is of 
prime importance ; in the saliva the enzyme 
acts to hydrolyse starchy foods. It is at 
present considered there are two amylases 
based on the theory that starch consists of 
30 % a-starch and 64 % 0-starch, which are 
acted on by two different enzymes. Amyl¬ 
ase has been very widely studied from all 
points of view. It has been obtained from 
the pancreas in the highest possible state of 
activity, able to hydrolyse 20,000 times its 
weight of starch, in the form of an amor¬ 
phous white powder which behaves like a 
protein, and Sherman has obtained it in a 
crystalline state. However, the Willstatter 
school still claims to obtain the enzyme free 
from protein, and its nature, like that of all 


the sugar-splitting enzymes, remains un¬ 
solved. 

Amylene hydrate. See Amyl alcohols. 

Amyl ether, C 10 H n O, is a colourless liquid 
with a pleasant odour, D 11 0-7807, B.P. 
172-5°-173°. Almost insoluble in water; 
miscible with alcohol or ether. Manufac¬ 
tured by heating amyl alcohol with sulphuric 
acid. The commercial amyl ether is a 
mixture of isoamyl ether, 

(CHjIjCHCHjCHj 

> 

(CHjJjCIICHjCH,. 

with varying amounts of active amyl ether 
CH,CH,CII(CH a )CH s 

> 

CH.CHjCHfCHjlCH,. 

It is used as a solvent for fats and essential 
oils and also for the Grignard reagents. 

Amyl nitrite, C 4 II u O. NO, is a greenish- 
yellow liquid with a sweetish odour; in¬ 
halation of its vapour causes headache, 
D‘* 0870-0880, B.P. 97°-99°. Insoluble 
in water, miscible with alcohol. Prepared 
by adding sulphuric acid to a cooled mixture 
of amyl alcohol and sodium nitrite. Com¬ 
mercial amyl nitrite is a mixture of isoamy 
nitrite with varying amounts of active 
amyl nitrite. It is unstable nnd rapidly 
decomposed by light; it should be kept in 
dark bottles. Used to prepare certain 
nitroso and diazonium compounds. 

On inhalation it causes rapid but tran¬ 
sitory reduction of the blood pressure 
through dilation of the surface blood 
vessels. It is of great value in attacks of 
angina pectoris. 

Amylocaine hydrochloride, C, t H„0 3 N-IICI. 


(CH,),N • CH,\ 
CjH 4 —C 
CH,/ 


oco • c,h 4 . iici. 


A colourless crystalline powder with u 
bitter taste, M.P. 177 # -179°, soluble in 
water and alcohol. Prepared by the 
action of magnesium ethylbromide on 
dimethylaminoacetone. It is a cocaine 
substitute and is used to produce anes¬ 
thesia, chiefly by intraspinal injection. 

Amylodextrins. See Dextrins. 

Amylopectin. See Starch. 

Amylo process. A process for the produc¬ 
tion of alcohol from corn and other sources 
of starch by the joint action of veast and 
a diastase secreting fungus. The fungi used 
were formerly varieties of amylomyces, but 
now varieties of rnucor and rhizopus are 
used. The fungus converts the starch to 
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sugar, and yeast converts the sugar to 
alcohol. 

Amylose. See Starch. 

Amytal is ethyl-iso-amylbarbituric acid, 

C„H It O,N r 

(CH,),CH CH, • CH t . y CO • NH. 

C,H/ X CO NIK 

It is a colourless crystalline powder, 
M.P. 154°-150°. Sparingly soluble in water; 
soluble in alcohol and ether. It is used as a 
hypnotic and pre-anxsthctic sedative in a 
similar manner to nembutal. It is also used 
ns an antispasmodic in tetanus. For manu¬ 
facture see Barbiturates. 

Anabasine, C 10 H 14 N„ 

N«=CH NH-CH, 

^CH—cil ^H,— c(l t 

A naturally occurring liquid alkaloid, 
B.P. 27 0°. Soluble in water, alcohol, and 
ether. It is very poisonous and can be 
used ns an insecticide. It can be dis¬ 
tinguished from nicotine as it gives no 
turbidity with an ethereal solution of 
iodine. 

Anabolism. See Metabolism. 

Anahaemin. Analuemin is n substance 
obtained from the liver which is highly 
active in promoting the regeneration of the 
red blood corpuscles in pernicious anxmia, 
the so-called “ hxmapoietic principle." It 
has been obtained as a light buff coloured, 
granular powder, soluble in water and 
insoluble in alcohol. It has a protein-like 
nature and gives amino-acids and an amino- 
sugar on hydrolysis. 

Analar. A trade-mark applied to analy¬ 
tical chemicals of guaranteed quality sup¬ 
plied by The British Drug Houses, Ltd., 
and Ilopkin & Williams, Ltd., both of 
London, England. 

Analysis. Chemical analysis—the exam¬ 
ination of a substance to determine what it 
is or what it contains—can be divided into 
two main classes, qualitative analysis, in 
which the identity of an unknown substance 
is to be determined, and quantitative 
analysis, in which the amount of a substance 
present in a solution or mixture of sub¬ 
stances is to be determined. 

Qualitative inorganic analysis consists 
chiefly of the examination of a substance 
for the metals and acid radicals it contains, 
according to schemes of analysis that 
follow certain definite rules and only differ 
in details. These rules are based on the 
analytical tables, and in them the metals are 


Analysis 

divided into groups depending on the solu¬ 
bility of their salts, the most important 
being their sulphides, in acid and alkaline 
solutions. The use of organic reagents 
which form characteristic compounds with 
various metals is a modem development 
that is of great assistance to the analyst. 
See, for example, aluminon, cupferron, 
magneson. In qualitative organic analysis 
the number of substances that an unknown 
substance might be is almost unlimited, 
and although the constituent elements can 
be discovered, it is often impossible to 
determine its constitution without resource 
to quantitative methods. 

Quantitative analysis can be divided into 
various headings, according to the final 
procedure in the manipulation. In volu¬ 
metric analysis this is a titration; in 
gravimetric analysis a weighing ; in colori¬ 
metric analysis a comparison of colours 
either with a standard solution or with 
coloured glasses as in the Lovibond tinto¬ 
meter; in nephelometric or turbidomctric 
analysis a comparison of opalescence with 
a standard opalescence; in potcntiomctric 
analysis the measurement of potential, 
using an electrode system. Other physical 
methods also arc used in chemical analysis, 
for example, the estimation of sugar solution 
by measurement of the optical rotation in 
a* polarimeter. By ultimate analysis is 
meant the quantitative estimation of the 
elements present in an organic compound. 

A new branch of analysis that has been 
rapidly developed is microanalysis, in which 
very small quantities of material, often 
under 10 milligrams of substance, arc avail¬ 
able. Microanalysis demands an entirely 
different technique in manipulation, but 
follows the same chemical principles as 
analysis on a larger scale. 

It is impossible to do much more in an 
article of this scope than to indicate where 
detailed descriptions of analytical methods 
are to be found. The following books have 
been chosen as representative of most 
branches of analysis :— 

“ Analytical Chemistry,’* by F. P. 
Treadwell, translated and revised by W. T. 
Hall. Vol. I, Qualitative; Vol. II, Quantita¬ 
tive. 

“ Allen’s Commercial Organic Analysis," 
edited by C. A. Mitchell, S. S. Sadtler, and 
E. C. Lathrop. 

" Quantitative Organic Microanalysis," 
by F. Pregl, translated by E. Fyleman. 

“ Recent Advances in Analytical 
Chemistry," edited by C. A. Mitchell. 
Vol. I, Organic; Vol. II, Inorganic. 

" The B.D.H. Book of Reagents," pub¬ 
lished by The British Drug Houses, Ltd. 



Anatase 

•Organic Reagents for Metals,” pub- 
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lished byHop^in * Williams, Ltd. 

octahednte. A mineral occur- 

rint^’ el - blue or yeU ° W Uola .*f d P 

CTschistosc rocks (e.g. in the Alps), or as 
„nte crystals in sedimentary rocks ; it 
consists of titanium dioxide, TiO,. See also 

R Anialusite. an aluminosUicic anhydride, 
IA1.0,. SiO,), occurring as grey or reddish 

orthorhombic crystals with a vitreous 

lustre. Sp. gr. 31-3-3. Hardness 7-8. 
Refractive index maximum 1-843, minimum 
It is one of the three crystalline 
forms' Of Al,SiO.. the others being cyanite 
and sillimanitc (g.o.). The structural differ- 
once between these forms lies in the en¬ 
vironment of one of the aluminium atoms 
but the general nature of the three structures 
is similar, all being orthosilicatcs. Almost 
insoluble in hydrofluoric acid. On heating, 
it shows a very slight exothermal reaction ut 
040° At higher temperatures it changes, 
first into cyanite and then into mullite and 
cristobalite. Uses-*s a refractory ma¬ 
terial in the manufacture of electrical 
porcelain (sparking plugs), firebricks, and 
for the tamped linings of metallurgical 


furnaces. 

Anderson, Thomas, 1819-1874, professor 
in Glasgow, discovered pyridine and worked 
at the constitution of anthracene, which 
was finally established in 1868 by Graebc 
and Liebcrmann. 

Andrade, Edward Neville da Costa (1887- 
). Born in London, Andrade studied 
at University College, and at Heidelberg, 
Cambridge, and Manchester. After active 
service during the war he was appointed 
professor of physics at the Artillery College. 
Woolwich, and in 1928 returned to Univer¬ 
sity College as Quain professor of physics in 
the University of London. He has written 
numerous papers, his chief work dealing 
with atomic structure, and was elected a 
Fellow of the Royal Society in 1935. 

Andrews classifier. In this type of 
elutriator the feed enters at the bottom 
of a vertical cylinder which contains a helix 
to prolong the path followed by the slurry 
and to maintain a high linear velocity. At 
the top of the cylinder is a smooth tube 
through which the liquid passes carrying 
the fines in suspension. Particles which are 
so coarse that their rate of fall due to gravity 
is greater than the velocity of the liquid 
through the tube do not pass through and 
are removed through an outlet at the side 
of the main cylinder. 

Andrews, Thomas (1813-1885). Bom in 
Belfast, Andrews studied chemistry at 
Glasgow and Paris before graduating in 


medicine at Edinburgh University. After 
a period in medical practice in Belfast, 
he was appointed, in 1845, professor of 
chemistry in Queen’s College, an appoint¬ 
ment which he held until his retirement 
in 1879. An able experimenter, he is 
best known for his work on the continuity 
of the gaseous and liquid states. See 
“ Memoir ” by Prof. Tait and Prof. Crum 
Brown. 

Androsterone, C„H, 0 O t . 


O 

CH,CH,I: 

c£ \^CH, 
CH, CH, CH dH_cl H, 

c<\KV 

HON >i ch Ih, 

h/ V V 


It has been obtained in a crystalline state 
from male urine; M.P. 182°-183°, 


[«] D + *° 


in alcohol. It possesses the physiological 
action of the male sex hormone and is very 
probably a degradation product of testo¬ 
sterone. 

Anethole. Sec Oil of anise. 

Aneurin (Thiamin) (Vitamin-/*i). This 
is the anti-neuritic factor, the absence of 
which from the diet of man leads to the 
disease beri-beri, and from that of mammals 
and birds to polyneuritis, the most funda¬ 
mental symptom of which is a general 
nervous atrophy. It has been isolated ns 
the chloride hydrochloride with the formula 
C u H lt ON 4 SCI a . 

CH, 

N—C • Nil, • HC1 <Uc • CH, • CH.OH 
i—CH,-l/ 


CH,- 
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It crystallizes in colourless needles from 
aqueous alcohol, M.P. 2461 It is soluble 
in water, sparingly soluble in alcohol, and 
insoluble in ether. It is destroyed by 
heating above 100° in water solution. The 
richest natural sources of the vitamin arc 
yeast, eggs, and the germ of cereals. It . 
not present in polished rice and other 
highly purified cereal products. It is 
manufactured commercially by a synthetic 
method based cn that of Williams and 
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Cline (J. Amer. Chem. Soc ., 1936, 58, 
1504). Ancurin preparations can be assayed 
either chemically, or by a microbiological 
method involving the growth of bacteria 
on an artificial medium, or by comparing 
the growth of rats on artificial diets. 
Ancurin is concerned in carbohydrate 
metabolism ; it forms part of the molecule 
of cocarboxylase, and as such controls the 
decomposition of pyruvic acid in tissues. 
The minimum daily requirement is believed 
to be about 300 international units or 
900 microgrammes. 

Angelic acid, C,H,0„ 

Hv XOOH 

crystallizes in colourless prisms, M.P. 45°- 
46°, B.P. 185°. Moderately soluble in 
water ; volatile in steam. It occurs free in 
the roots of Angelica archangelica. When 
heated alone or with acids or alkalis it is 
converted to tiglic acid. 

Anglesite. A mineral forming brilliant, 
colourless orthorhombic crystals, and con¬ 
sisting of lend sulphate, PbS0 4 . It occurs 
in association with galena, PbS, from which 
it has been formed by oxidation. 

Angstrom nnit. A unit of length, equi¬ 
valent to 10 -« ( 1 / 100 , 000 , 000 ) centimetre; 

occasionally known as the ** tenth-metre." 
Commonly used jus a unit of wave-length of 
light, and of dimensions of molecules. 

Anhydride. A substance formed by 
elimination of one or more molecules of 
water from one or more molecules of an 
acid, or (less frequently) a base. Thus 
phthalic acid on heating gives phthalic 
anhydride, 

COOH /NcOv 

- >0 + H.O 

COOH IJCCK 

Similarly, sulphur trioxide, SO,, is the 
anhydride of sulphuric acid, II,S0 4 , while 
ammonia, NH„ is the anhydride of the 
base NH,OH. 

Anhydrite. A mineral consisting of an¬ 
hydrous calcium sulphate, CaS0 4 , associated 
in nature with gypsum and rock-salt. It 
resembles marble in appearance, and may 
be white, grey, reddish, or bluish in colour. 
Crystallizes in the orthorhombic system, the 
crystals breaking up into cubes. Sp. gr. 
20-30, hardness, 3-3J. Converted by 
water into gypsum, CaS0 4 2H t 0, with an 
increase in volume of about 00 %. Aqueous 
calcium sulphate solutions containing large 
quantities of other salts deposit anhydrite 
on evaporation. Anhydrite is used in the 
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manufacture of ammonium sulphate and 
sulphuric acid. 

Anhydrone. A name for magnesium per¬ 
chlorate. 

Anilides. A name applied to the acyl 
derivatives of aniline of which acetanilide 
and acctoacetanilide are the commonest 
examples. 

A nilin e, C 4 H,N. Colourless oily liquid, 
turning brown in sunlight, 

M.P. -62°, B.P. 184°, density 
at 15°, 1 027, refractive index, 
n“ 1-585. Insoluble in water, 
soluble in alcohol, ether, benzene, 
or dilute aqueous mineral acids. 

Easily volatile in steam. Characteristic 
smell. It is prepared commercially from 
nitrobenzene by reduction with iron and 
water containing a trace of hydrochloric 
acid (" neutral iron reduction ”). First 
discovered in 1826 among the products of 
the destructive distillation of indigo ; also 
occurs in coal tar. 

On acetylation it gives acetanilide, 
M.P. 114°. Nitrates with some decomposi¬ 
tion to a mixture of o- and p-nitranilines. 
It is basic and gives water soluble salts with 
the mineral acids. Heating aniline sulphate 
at 190° gives sulphanilic acid. When 
heated with alkyl chlorides or aliphatic 
alcohols mono- and di-alkyl derivatives are 
obtained, c.g. dimethylaniline. Treatment 
with trichloroethylene gives phcnylgiycinc. 
With glycerine and sulphuric acid (Skraup’s 
reaction) quinoline is obtained, while quin- 
aldinc can be prepared by the reaction 
between aniline, paraldehyde, nnd hydro¬ 
chloric acid. 

With sodium nitrite in dilute mineral acid 
solution at 0 ° aniline gives benzene dia- 
zonium chloride, which loses nitrogen on 
warming to give phenol, 

C.H.NH, + HNO, + HCI = 

C.H.N.Cl + 2H.O 

heat 

C 4 H 4 N,C1 + H.O-► 

C.H.OH + N, + HCI 

The diazo-group may also be replaced by 
halogeno- or cyano-groups by double de¬ 
composition with cuprous halide or cyanide ; 
it can be coupled with phenols and amines 
to give coloured azo-compounds. 

Aniline is readily halogcnated, treatment 
with bromine water giving an instant pre¬ 
cipitate of 2 : 4 : 6-tribromoaniline. 

Oxidation with chromic acid gives 
p-quinone. 

Aniline black (C.H.N),. An insoluble 
black pigment obtained by the oxidation 
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of aniline in acid solution. On reduction 
it gives di-p-diaminodiphenylaminc. 

Owing to its insolubility it is dyed by 
direct oxidation of the fibre impregnated 
with analine. 

Aniline blue. Opal blue. 

X yN'HC.H. 

^< ^~^ )NHC,H t Cl 

A triphenylmcthane dyestuff prepared by 
reacting together aniline and rosaniline 
base (prepared by boiling magenta with 
caustic soda solution). It is insoluble in 
water but soluble in alcohol. Dyes wool 
and silk a greenish-blue colour. 

Anion. A negatively charged atom or 
group of atoms which can only exist in a free 
state in a solution. Most salts when dis¬ 
solved in water (or in certain other solvents) 
arc partially split up into equivalent num¬ 
bers of positively nnd negatively charged 
ions (cations and anions). On electrolysis, 
anions arc attracted by virtue of their 
charge to the anode, where the charge is 
given up and the free ntom or group is 
liberated ; this may escape from the solu¬ 
tion unchanged, or may react chemically 
with thesolution or the matcrialof the anode. 
Thus in the electrolysis of sodium chloride, 
chlorine anions are discharged at the anode, 
forming chlorine gas, which escapes from 
the solution or undergoes further reaction. 

Anisaldehyde, C,H t O,. A colour- CJI q 
less liquid, B.P. 248°, sp. gr. M23 
at 15®. It occurs in aniseed and 
is used in synthetic perfumery 
under the name “ aubepine ” or 
artificial hawthorn. 

o-Anisidine, C,H,ON. It is 
a colourless oil, M.P. 2-5°, B.P. OCH, 

225°, sp. gr. 1 0078 at 15®. 

Acetyl derivative, M.P. 87®-88®. 

It is prepared by the reduction 
of o-nitroanisole with iron and 
hydrochloric acid. It is used as a 
component in making azo dyestuffs. 

Anisole, C,H a O. Colourless refractive 
liquid, M.P. - 37-5®, B.P. 155®. 

Miscible with alcohol and ether, OCH a 
insoluble in water, [n]” 1*515. 

Prepared by the action of di- 
methylsulphate on a solution of 
phenol in excess of alkali. 

Anisotropic. A substance is anisotropic 
when any of its physical properties (e.g. 
thermal or electrical conductivity, refractive 
index) are different in different directions. 


Anthocyans 

Most crystals, other than those belonging to 
the cubic system, are anisotropic. Certain 
substances (e.g. p-azoxyanisole) melt to 
form a cloudy anisotropic liquid (" liquid 
crystals ”), which again “ melts ” at a higher 
temperature to a normal (isotropic) liquid. 

Annealing. Heating a metal to a high 
temperature, keeping it at this high tem¬ 
perature for a specified time, and then 
cooling slowly in the furnace, the object 
being to relieve stresses that may have 
been set up in the metal by previous treat¬ 
ment. The annealing of steel is extensively 
practised, the temperature employed being 
from about 30’ to 50° above the critical 
values given by the iron-carbon diagram. 

Anode. The electrode which carries the 
positive charge is termed the anode, and it is 
on this electrode that the negative ions, such 
as chlorine, are liberated during electrolysis. 

Anorthic system. See Triclinic system. 

Anorthite, one of the felspar minerals, 
with a composition corresponding to 
CaO, Al,()j, 2SiO t . Crystals arc triclinic 
0-634: 1 : 0-550, but many partial forms arc 
known and twins are common, sp. gr. 2-73- 
2*76. Hardness 0, M.P. 1310’. Colourless 
or white (very rarely pink). Uses —as a 
flux for making glazes more fusible, nnd as a 
source of lime, alumina, and silica in glazes. 

Anserine, /J-Alanylmethylhistidine, 

CmHmO.Ni. 

HC—C—CH,*CH—NH-CO-CH, -CH.-NH, 
N N—CH, i’OOH 




A dipeptide, crystallizing in colourless 
needles, M.P. 238°-230°, soluble in water, 
sparingly soluble in alcohol, [a]" -f 11-20®. 
It is a constituent of the muscles of birds 
and fishes, in which it apparently replaces 
its related compound carnosine, and of the 
muscles of certain mammals, in which it 
is found in company with carnosine. Its 
function is unknown. 

Anthocyans. 

Anthocyanin j 
glycosides. The 
universal soluble 
red, violet, and 
blue pigments of 
flowers, fruits, 
and leaves arc 
all glycosides no,/\/\ 
which on hy¬ 
drolysis yield 
one or more 
sugars and an 
anthoevanidin 
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of which there 
arc three funda¬ 
mental types: 
pclargonidin (1), 
cyanidin (2), and 
delphinidin (3). (3) 

These differ in containing 1, 2, or 3 hy- 
droxvls respectively in the side ring. Other 
nnthocyanidins arc methyl ethers of these ; 
thus peonidin is the methyl ether of cyanidin, 
and petunidin, malvidin, and hirsutidin are 
mono-, di-, and tri-cthcrs of delphinidin. 

All have been synthesized by unam¬ 
biguous methods. The natural antho- 
cyanins may be divided into 3-mono- 
glucosides or galactosidcs, 3-rhamnoglyco- 
sidcs, 3-biosides, 3:5-diglycosides, and 
acctylated anthocyanins ; of these the di- 
glycosides are the most widely distributed. 
They exhibit nmphoteric character forming 
salts with both acids and bases, a fact 
made use of in their isolation. The main 
factors affecting flower colours arc the 
nature and concentration of the antho- 
cyans, their state of aggregation in solution 
which is affected by the p„, and the presence 
or absence of co-pigments. 

They arc recognized by the oxidation test, 
by extraction with amyl alcohol followed by 
addition of sodium acetate and a trace of 
ferric chloride, and distribution tests 
between 1 % aqueous hydrochloric acid and 
organic solvents. Sec papers by Robinson, 
Biochemical Journal, 1931, 35, 1087 ; 1932, 
36, 1047 ; 1933, 37, 200. 

Anthracene, C U H 10 . Colourless plates 
with slight blue fluores¬ 
cence. Insoluble in water, 
slightly soluble in cold ether, 
ligroin, and toluene, fairly 
soluble (12 %) in boiling 
toluene; M.P. 217°, B.P. 354°-355°. 

It is present in cool tar to about } %, 
from which it is separated by frac¬ 
tional distillation. Can be chlorinated and 
sulphonated in the usual manner, and nit¬ 
rated by a mixture of nitric acid, acetic 
acid, and acetic anhydride. Nitration with 
sulphuric and nitric acids gives anthra- 
quinone derivatives. 

Of little use commercially except as a 
route to anthraquinone. For this purpose 
it is oxidized with acid potassium dichrom- 
atc solution, or better, by a catalytic air 
oxidation at 180 °- 280 °, using vanadates or 
other typical metallic catalysts. 

Anthracite. A hard coal which usually 
has a brilliant lustre and a “ conchoidal ** 
fracture ; it is relatively difficult to ignite, 
but bums at a high temperature and with 
little or no flame. Anthracite probably 


represents the most advanced stage of 
coal formation and has a higher carbon 
content than softer coals; the calorific 
value (about 15,700 B.Th.U. per lb.) is 
correspondingly high. Extensive anthra¬ 
cite beds occur in the South Wales coalfields. 

Anthraflavone. 


O 



This is an anthraquinone vat dyestuff which 
dyes cotton a yellow shade. It is also used 
in a mixture with indanthrcnc to give n 
green dyestuff. Prepared by the oxidation 
of 2 -methylanthraquinonc with lead oxide. 

Anthranilic acid, CjHjOjN. Colourless 
leaflets. M.P. 144 0°. Soluble 
in water, alcohol, and ether vl"* 
to a solution having a blue / \C'OOH 
fluorescence. It is both 
acidic and basic. k / 

It is prepared by the 
action of sodium hydroxide and sodium 
hypochlorite on phthalimidc (Hofmann 
reaction). When heated with soda lime 
it gives aniline. 

It is an important dyestuffs intermediate. 
It condenses with chloroacetic acid to give 
phenylglycine-o-carboxylic acid for the 
synthesis of indigo. It can be diazotized 
and used as first component in azo-dyes; it 
condenses also with chloroanthraquinones 
to give intermediates for anthraquinone 
dyes. 

Anthranol, C 14 H l0 O. It crystallizes in 
golden brown needles which 
sinter at 120 ° and melt to a 
clear liquid at 152°. In the 
solid state and more rapidly 
on heating, it is largely con¬ 
verted into anthrone. It is 
easily soluble in caustic alkalis to a deep 
yellow solution. It couples easily with 
diazonium salts, and is rapidly oxidized by 
bromine or ferric chloride to dihydro- 
dianthronc. 

It is prepared by acidifying an alkali 
solution of anthrone or by reduction of 
anthraquinone with aluminium powder and 
concentrated sulphuric acid. 

Anthranol is isomeric with anthrone, 
and behaves in its reactions as a typical 
hydroxylic compound. The equilibrium 
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mixture between the two compounds con- 
gists mainly of the keto form, hence anthra- 
nol is largely converted into anthrone on 

he iJ i "if’ used in the preparation of benz- 
anthrone by heating with glycerol and sul¬ 
phuric acid (Skraup’s reaction). 
Anthraquinone, C u H,0,. 

H O H 
hc/WVh 

< c AcA/ H 
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Pale yellow crystals, slightly soluble in al¬ 
cohol, ether, and acetone, insoluble in water. 
Conveniently purified by sublimation, M.P. 
284 0°, B.P. 379°-381*. 

It is obtained from anthracene by oxida¬ 
tion with chromic or nitric acids or by an 
electrolytic method. A catalytic air oxida¬ 
tion method is also used. Also prepared 
by condensing phthalic anhydride with 
benzene in the presence of aluminium 
chloride, followed by ring closure of the 
benzoyl benzoic acid thus obtuined with 
sulphuric acid at 150°. 

It gives a monoxime with difficulty. 
With glycerol and sulphuric acid gives 
bcnzanthronc. Reduces to anthrone and 
anthracene. Reduces with alkaline hydro- 
sulphite to soluble alkali derivative of 
“ leuco compound " or “ vat." 

It is the parent compound of the anthra- 
quinonc vat dyes in which the dyeing is 
carried out by immersion in the reduced vat 
solution followed by air oxidation to the 
original insoluble compound, c.g. alizarin 
(dihydroxyanthraquinone). 

It sulphonates only at high temperatures 
(200°) to give the /J-sulpho acid only. It 
easily nitrates in the a-position; prolonged 
nitration gives a mixture of dinitro isomers. 
It can be chlorinated directly to the tetra- 
chloro stage (1, 4, 5, 8-). 

Sulpho-, amino-, and halogeno- anthra- 
quinones arc all used as intermediates for 
vat dyes. 

Anthraquinone glycosides. These are 
present in madder, the ground root of 
Rubia linctorum; they are yellow or red 
colouring matters used with mordants and 
are of great importance as dyestuffs 
(alizarin). The best-known is ruberythric 
acid (q.v.). Several are primeverosides, 
others contain glucose ; frangulin has rham- 
nose as its sugar. They have been found 
in a limited number of plants and are re¬ 
garded as the end products of a general 
type of metabolism leading to aromatic 
compounds. 


OH 


Anthraquinone sulphomc acids. Direct 

sulphonation of anthraquinone is most ©on 

vcniently carried out with 20 / 0 to 30 / 0 
oleum. In this way only the 0-pos.tmr, » 
substituted, the 2-monosulphomc acid and 
the 2:6- and 2 :7-disulphomc acids being 
obtained. If the sulphonation is carried 
out in the presence of a little mercury the 
a-position is exclusively occupied, the i 
mono- and 1:5- and 1:8-d.sulphomc 
acids being obtained. 

Anthraquinone sulphonic acids are very 
important, as nearly all anthraquinone de¬ 
rivatives are obtained from them. 

Anthraquinonc-a-sulphonic acid forms 

colourless leaflets, M.P. 214°, soluble in 
water. The potassium salt is only sparingly 
soluble in water. It is used for preparation 
of a-aminoanthraquinone. 

Anthraquinone-/?-sulphonic acid forms 
white leaflets soluble in water and alcohol. 
The sodium salt, commonly called " silver 
salt," is sparingly soluble in cold water. It 
is used for the preparation of alizarin and 
fl-aminoanthraquinone. 

Anthrarufln, C 14 II.0 4 . It crystallizes in 
yellow needles, M.P. 280°. 

It is insoluble in water, 
sparingly soluble in alcohol 
and ether, moderately sol¬ 
uble in benzene. It dissolves 
in caustic alkalis to a red 
solution. 

It is prepared from 
anthraquinonc-1 :5-disulphonic acid by 
heating at a high temperature with milk 
of lime. 

It is used for the preparation of Alizarin 
Saphirol R, which is an acid wool dye, 
probably diamidoanthrarufin disulphonic 
acid. 

Anthraxylon. A constituent of coal; it 
is any part of coal which originated in pieces 
of woody tissue. It is largely derived from 
the lignin of the plants. See Coal, classi¬ 
fication. 

Anthrone, C 14 H 10 O. It forms colourless 
needles, M.P. 154°. It is 
insoluble in cold aqueous 
alkalis, but on boiling it 
dissolves as the alkali metal 
salt of anthranol. It is not 
afTectcd by ferric chloride or 
bromine (compare anthra¬ 
nol) in hydroxylic solvents. 

It is prepared by reduction of anthra¬ 
quinone with tin and hydrochloric acid in 
glacial acetic acid solution or by prolonged 
treatment with sodium hydrosulphite. 

It forms an interesting example of iso¬ 
merism, since on heating it is partly con¬ 
verted into the enolic compound anthranol, 
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n definite equilibrium concentration being 
reached. When it is treated with caustic 
soda, however, the equilibrium is disturbed 
by the removal of the enol as sodium salt 
and all the unthrone is therefore converted 
into anthranol. Anthrone does not couple 
with diazonium salts or show any of the 
reactions typical of a phenolic compound. 

It is used for the preparation of benz- 
anthrone by heating with glycerol and 
sulphuric acid (Skraup's reaction). 

Antibodies. When the serum of an 
immunized animal has added to it the 
bacteria or other substances to which it is 
immune, substances present in the serum 
will dissolve, agglutinate, or precipitate the 
added substances. The substances present 
in the scrum arc called antibodies and the 
added substances antigens. Antibodies are 
probably colloidal and have been assumed 
to be proteins. 

Anti-cathode. See X-ray tube. 

Antifebrin. Sec Acetanilide. 

Anti-foam agents. The destruction of 
foams has long been an important industrial 
problem, especially where glue solutions are 
used. Milk has long been used to correct 
this, and also butter. Fatty substances in 
general arc effective, but are often un¬ 
desirable. The fatty acids arc efficient in 
destroying foams, also crude glycerine. 
An anti-foam ugent is often specific in its 
action. Thus the froth on beer will collapse 
if a bottle of ether is opened in the vicinity, 
yet ether has no efTcct on a gelatine foam. 
Sec Foaming. 

Anti-friction metal. Sec Tin alloys. 

Antigens. Substances which when intro¬ 
duced into the blood of an animal cause the 
production of antibodies are called antigens. 
Living and dead bacteria and proteins act 
as antigens, and it is believed that all 
antigens contain proteins. In many bac¬ 
teria the antigens arc accompanied by 
substunccs of a carbohydrate nature which 
confer the property of specificity on to the 
antigens, while not acting as untigens them¬ 
selves. These are called haptens. 

Antihypo. Potassium pcrcarbonate solu¬ 
tion used to remove any residual “ hypo ” 
(sodium thiosulphate) from photographic 
negatives or prints after fixation. 

Anti-isomorphism. If in the crystals of 
two compounds the relative positions of the 
various atoms are the same but with the 
cations in one occupying the positions of the 
anions in the other, then the two crystals 
arc said to be anti-isomorphous. The 
structures of TliO, and l,i,0 afford a simple 
example. Both have the fluorite type of 
structure (q.v.), but in the former the thorium 
ions occupy the ealeium positions of that 
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structure whereas in the latter the oxygen 
ions occupy those positions. 

Anti-knock dopes. Substances such as 
lead tetra-ethyl which, when added to a 
gasoline, have the effect of raising the 
octane number. Lead tetra-ethyl is usually 
added in quantities of the order of 0 05 %, 
together with traces of bromine and chlorine 
compounds to assist in the elimination of 
the lead from the combustion space. 

Antimonic acids and antimoniates. A 
number of white solid substances, which 
have been regarded as antimonic acids, have 
been prepared by the hydrolysis of anti¬ 
mony pentachloride, the action of nitric 
acid on antimoniates, and by other special 
methods. These compounds have the com¬ 
position Sb,0», nH,0, n varying usually 
from one to six; they are probably not 
definite compounds, but antimony pent- 
oxide gels." A number of definite anti¬ 
moniates are known. Potassium met- 
antimoniate is formed by the action of 
potassium nitrate on antimony pentoxide 
at a red heat, and has the formula KSbO,; 
this is a white solid sparingly soluble in 
water. The solution reacts with sodium 
salts, giving a white precipitate of a sodium 
antimoniate, possible 2NaSbO„ 7H,0. On 
standing this forms an acid sodium pyro- 
antimoniatc, Na t H,Sb t O T , 0H,O. An acid 
potassium salt, KH,Sb0 4 , 2II t O, or possibly 
KSb(OH) a , is formed on oxidizing potassium 
antimoniate with potassium permanganate. 

Antimonioiu acids and antimonites. 
Several substances which have been de¬ 
scribed as antimonious acids (c.g. II 3 SbO„ 
HjSbjOj, and HSbO,) arc probably to be 
regarded as gels of antimony trioxidc. 
Antimonites, salts corresponding usually 
with the hypothetical acid HSbO,, are 
formed by the action of alkalis on antimony 
trioxidc. A number of more complex 
compounds containing antimony trioxide 
are known. 

Antimony, Sb. At. no. 51, At. wt. 
121-70. Normally occurs as a metallic 
substance of a white or bluish-white 
colour, which on polishing resembles silver 
in appearance; antimony precipitated by 
reducing agents from solutions of its salts 
forms a black powder. The crystals are 
rhombohedral, a = 4-50 A., a = 57° 5', 
isomorphous with arsenic and bismuth. 
The structure is best regarded as a double- 
layer structure, each antimony atom having 
three close neighbours (at 2-89 A.) and three 
at a greater distance (3-35 A.) in the next 
layer. The difference between these two 
distances decreases, with increasing metallic 
character, from arsenic to bismuth. Sp. 
gr. 0 71, M.P. 030°, B.P. 1440°. Hard- 
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ness 3-305. Sp. heat, 0 0477; - 28°; 

0 0505 / 150 °. The element, and particu¬ 
larly »ts sulphide, stibnite, were known in 
3000 b.c. or even before, stibnite occasion¬ 
ally being used as an eyebrow pigment. 
Antimony occurs chiefly as stibnite, Sb,S„ 
in nature, smaller quantities occurring m 
the native state or as senarmontite, Sb a U a . 
The element is extracted from stibnite by 
heating with iron, or with sodium carbonate 
and carbon; oxide ores are treated by the 
latter process. The crude antimony is 
purified by fusing with sodium carbonate 
and a little potassium nitrate. A number 
of allotropic forms of the element have been 
described; “ explosive ” antimony is 

formed on electrolysis of a strongly acid 
solution of one of the halides, separating 
on the cathode ns an apparently amorphous 
deposit. On warming or scratching it 
undergoes allotropic change with vigorous 
evolution of heat. Explosive antimony 
always contains a small quantity of the 
halide used in its preparation. “ Yellow " 
antimony is prepared by the action of 
oxygen on antimony hydride at - 00° ; on 
warming it is converted to 4 ‘ grey " anti¬ 
mony, an ill-defined form which may not be 
a true allotrope. 

Stable colloidal solutions of antimony are 
prepared by the action of sodium hydro- 
sulphite on a solution of potassium anti- 
moniatc acidified with tartaric acid, or by 
reducing antimony trichloride solution with 
titanous chloride. Ordinary antimony does 
not tarnish in air, and is unattacked by 
water or dilute acids; at a red heat it 
decomposes steam. Concentrated nitric 
acid converts antimony to antimonic acid. 
The sulphate, Sb a (S0 4 )„ is formed by dis¬ 
solving the clement in concentrated sul¬ 
phuric acid. Aqua regia gives a solution of 
the pcntachloride, SbCl,. Antimony bums 
on heating in air, white fumes of the tri- and 
tetroxides being produced. Halogens react 
very vigorously, giving the penta- or tri- 
halides. Sulphur reacts on warming, giving 
the sulphide Sb a S 3 . Antimony gives two 
series of compounds, corresponding with 
valencies of 3 and 5. Salts of antimony are, 
in general, readily hydrolysed by water, 
giving insoluble basic salts. The principal 
use of antimony is in the fabrication of 
alloys, such as type metals, Britannia 
metal, pewter, and certain bearing metals; 
some antimony compounds are used as 
pigments. Marsh's test provides a sensi¬ 
tive means of detecting antimony; the 
solution suspected to contain it is added to 
a mixture of specially purified zinc and 
hydrochloric acid; the hydrogen evolved . 
contains the antimony »s the hydride 


SbH,, which gives a black stain on passing 
through a hot tube, or on burning the gas 
and holding a cold surface in the flame : the 
stain is insoluble in sodium hypochlorite 
solution (distinction from arsenic). 

Antimony bromides. Antimony tn-brom- 
ide, SbBr 3 . White deliquescent needle 
crystals, M.P. 93°, B.P. 280°. Prepared 
by the action of bromine, preferably dis¬ 
solved in carbon disulphide, on antimony, 
or by distilling a mixture of antimony 
sulphate and potassium bromide. The tn- 
bromide is analogous in properties to the 
trichloride. 

Antimony tetra- and pentabromides, SbBr 4 
and SbBr 4 . These compounds have not 
been isolated, but salts of the acid, H a SbBr, 
(corresponding with SbBr 4 ), and the acid 
HSbBr,. 3H a O (corresponding with SbBr,) 
are known. 

Antimony chlorides. Antimony trichlor¬ 
ide, SbCl, (*• Butter of Antimony "). A 
colourless crystalline solid, M.P. 72 -73°, 
B.P. 220°, generally prepared by dissolving 
antimony trisulphidc in hydrochloric acid, 
and concentrating and distilling the solu¬ 
tion. Decomposed by water to insoluble 
basic chlorides, but soluble in hydrochloric 
acid, giving a clear solution which contains 
the acid II,SbCI 4 (chlorantiinonious acid), 
stable salts of which are known. The solid 
trichloride is very hygroscopic. Numerous 
addition compounds are formed with in¬ 
organic and organic compounds. 

Antimony tetrachloride, SbCl 4 . The exist¬ 
ence of this compound is disputed, but it is 
believed to occur in mixtures of antimony 
tri- and pcntachloridcs, to which it imparts 
a dark colour. Salts corresponding with an 
acid H a SbCI 4 , which are isomorphous with 
the chlorostannates, are known, confirming 
the occurrence of quadrivalent antimony. 

Antimony pentachloride, SbCl,. Norm¬ 
ally occurs as a heavy yellow liquid, fuming 
in moist air, M.P. 3°, B.P. 140°; prepared 
by the action of excess chlorine on antimony, 
or of chlorine on antimony trichloride; 
excess chlorine (which deepens the colour 
of the pentachloride) is removed by a 
stream of dry carbon dioxide. The penta- 
ehloridc is slightly dissociated to the tri¬ 
chloride and chlorine at the normal boiling- 
point, but may be volatilized unchanged at 
low pressures. Ice-cold water gives two hy¬ 
drates, SbCl,, H a O and SbCl,, 4II.O, which 
are respectively soluble and insoluble in 
chloroform. Hot water hydrolyses anti¬ 
mony pentachloride to antimonic acid. 

Antimony fluorides. Antimony penta- 
fluoride, SbF,. A colourless oily liquid. 
B.P. 150°, prepared by the direct action 
of fluorine on antimony, or by boiling 
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antimony pentachloride with anhydrous 
hydrogen fluoride in platinum apparatus. 
Very deliquescent, readily absorbing water 
and forming a hydrate, SbF„ 2H,0. 
The pentafluoride forms addition compounds 
with the trifluoride, e.g. SbF„ 2SbF„ and 
SbF„ 5SbF s . 

Antimony trifluoride, SbF,. Colourless 
needle crystals, M.P. 200°, formed on dis- 
solving antimony trioxide in hydrofluoric 
acid and evaporating, or by distilling anti¬ 
mony with mercuric fluoride. Readily 
soluble in water (385 gm. per 100 gm. 
water at 0°). The crystals can be sublimed 
in platinum apparatus. It is widely used 
as a fluorinating agent. 

Antimony hydrides. Two hydrides of 
antimony are known. The trihydridc. 
SbH„ is a colourless gas with a character¬ 
istic unpleasant odour. B.P. — 18*, M.P. 
— 88°. It is prepared, mixed with hydro¬ 
gen, by adding a solution of an antimony 
salt to zinc and dilute hydrochloric acid, or 
in a purer state by the action of hydro¬ 
chloric acid on a magnesium-antimony 
alloy containing 33 % of antimony. The 
gas is fairly stable at ordinary temperatures 
when dry*, but readily decomposes into 
hydrogen and antimony on warming, and 
bums in air, forming water and antimony. 
On passing the gas into silver nitrate solu¬ 
tion, silver antimonide, SbAg„ is formed ; 
this is rapidly decomposed, giving a black 
precipitate containing silver, antimony, and 
antimony trioxidc. Antimony dihydridc, 
Sb,H„ is a grey amorphous powder prepared 
by the action of water on sodium antimonide, 
SbXa,. It is chemically fairly inert, but 
burns in air on heating to 170°. 

Antimony iodide. Antimony tri-iodide, 
Sblj. Occurs in red hexagonal, yellow 
orthorhombic, or greenish-yellow mono¬ 
clinic crystals ; prepared by adding pow- 
dcred antimony to a solution of iodine in 
carbon disulphide, and evaporating the 
solution. Antimony tri-iodide vapour is 
orangc-rcd in colour. The compound 
readily forms double salts with metallic 
iodides. 

Antimony oxides. Antimony trioxide, 
Sb,O a . Occurs naturally as the minerals 
senarmontitc (cubic crystals) and valcntinite 
(rhombic crystals), having a red, grey, or 
brown colour. The pure trioxidc forms a 
white powder ; the rhombic form is pro¬ 
duced by treating antimony trichloride 
with boiling aqueous ammonia solution, 
and the cubic form (which is the more 
stable) can be obtained from this by 
sublimation. Antimony trioxidc is also 
formed on passing steam over red-hot 
antimony. It turns yellow on heating, 
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and on cooling may retain a pale buff 
colour, M.P. 856°. The trioxidc vol¬ 
atilizes at 1560°, the vapour having the 
composition Sb 4 0 4 . On heating in air at 
390°-775°, the tetroxide, Sb,0 4 , is formed. 
Hydrogen reduces antimony trioxidc to 
antimony at a red heat. It is almost in¬ 
soluble in water, but soluble in dilute 
hydrochloric acid and in concentrated 
acids giving salts of trivalcnt antimony 

(e.g. SbCI„ Sb,(S0 4 )„ Sb(NO,),); it is also 

soluble in solutions of many organic acids, 
and in alkalis (giving in the latter case 
solutions of antimonites). Commercial anti¬ 
mony trioxidc generally contains other 
oxides; it is used as an opacifier in 
paints. 

Antimony trioxidc is largely used as a 
pigment, especially in France; it is non- 
poisonous, very soft in texture, and durable. 
For this purpose stibnitc, Sb,S„ is roasted 
in air by itself or mixed with iron and the 
oxide is vaporized and collected on con¬ 
densation. 

Antimony tetroxide, Sb t 0 4 . A white or 
yellowish-white powder prepared by heat¬ 
ing the trioxide or pentoxide in air, prefer¬ 
ably at about 700°. It has been shown that 
this product contains SbO(OII). Sb,O t . 
A mixture of the tetroxide with antimony 
sulphide, known as “ glass of antimony " 
is prepared by roasting stibnitc ; this 
substance is used for tinting glass yellow. 
The oxide is reduced by hydrogen to anti¬ 
mony at a red heat. Salts known as 
hypoantimoniates (e.g. K,Sb 4 O t ) are formed 
on fusing nntimony tetroxide with alkalis. 

Antimony pentoxide, Sb,O t . A yellow 
powder obtained by repeatedly treating 
powdered antimony with concentrated 
nitric acid, and gently heating the product. 
The pentoxide prepared in this way always 
contains some lower oxide. On heating 
this crude oxide with potassium nitrate 
and extracting the residue with warm water, 
potassium metantimoniatc, KSbO„ remains; 
this dissolves slowly in boiling water, and on 
acidifying the solution a hydrated antimony 
pentoxide is precipitated; this gives the 
pure pentoxide on gentle heating. On 
heating in air above 350°-400°, antimony 
pentoxide decomposes, giving the tetroxide. 
It is insoluble in water, but soluble in hot 
concentrated hydrochloric acid. It is only 
sparingly soluble in alkali solutions, but is 
attacked by fused alkalis giving antimoni- 
ates. 

Antimony oxybromides and oxyiodides. 
The compounds SbOBr, Sb 4 O ft Br t , SbOI, 
and Sb 4 O s I t , analogous in preparation and 
properties to the corresponding oxychlorides, 
arc known. 
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. nHmony oxychlorides. Numerous sub- 
. ^.‘Tformclliy the action of water or 
hydrochloric acid on antimony tn- 
,„d supposed to be definite com- 
^ ° ^ ’have been described ; two of these. 
Koefand Sb.O.Cl,. are of eomistent occur- 
Sb ~V Thev are white amorphous or crys- 
SSe ZZk formed by the action of 
^ier on the trichloride in the cold, using 
mdtable proportions of the reacting sub- 
!£“«s. P Bo Vh these oxychlorides are hydro- 
stance ter or by sodium carbonate 

solution! *th‘ aiddmlny dioxide. ‘‘Powder 
Of Alaaroth ” probably consists of a mix- 
the oxychlorides in indefinite pro- 

p0 ArttaMiy potassium tartrate, tartar eme¬ 
tic KSbOC.II.O. . JH.O. Colourless crys- 
ils very soluble in hot water, less soluble 
in cold. Insoluble in alcohol. In small 
doses it has an expectorant action and in 
larger doses it is on emetic and a cumulative 
poison. Its most important use is in the 
treatment of bilharziasis and kala-arar, 
tropical parasitic diseases. It is admm- 

W »n r ;soIm tartrate, NaSbOC.H.O.. 
is much more soluble than the potassium 
compound, and is preferred to the latter for 
intravenous use, as it is considered to be less 
irritant. It s medicinal properties arc iden¬ 
tical with those of the potassium salt. 

Antimony sulphates. Normal antimony 
sulphate, Sb,(S0 4 )„ is prepared as colourless 
hygroscopic crystals by heating antimony 
trioxidc with concentrated sulphuric acid 
and cooling the solution; it is readily de¬ 
composed to basic sulphates by water. A 
number of acid sulphates of antimony have 
been prepared by dissolving the trioxide in 
fuming sulphuric acid. 

Antimony sulphides. Antimony Insul¬ 
phide, Sb,S 3 . Commonly occurs in two 
forms ; that occurring in nature as stibnite 
is grey in colour. By precipitating a 
solution of an antimony salt in hydro¬ 
chloric acid with hydrogen sulphide an 
orange-red form is produced; this is 
converted to the grey form by heating to 
200° in carbon dioxide gas. The grey form 
gives rhombic crystals, the red form being 
amorphous. Antimony trisulphide is par¬ 
tially reduced by hydrogen to antimony 
and hydrogen sulphide on heating; it 
bums in oxygen, giving a mixture of anti¬ 
mony tri- and tetroxides. On fusion with 
alkali, a mixture of antimonite and thio- 
antimonitc is formed; thioantimonites are 
also formed by the action of solutions of 
metallic sulphides on antimony trisulphide. 
They often have complex formula, but 
simpler compounds (e.g. Na 3 SbS 3 , Na.Sb 4 S 7 , 
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NaSbS z ) have been described; the alkali 
metal thioantimonites are yellow to reddish- 
brown in colour, and arc soluble in water. 
Antimony trisulphidc is used in pyro- 
techny. 

Antimony tctrasulphide, Sb.S 4 . A reddish- 
yellow or red powder of doubtful individu¬ 
ality, prepared by the action of hydrogen 
sulphide on a solution of antimony tetr- 
oxide in hydrochloric acid. It gives the 
trisulphide on heating. 

Antimony pcntasulphidc, Sb,S 4 . Usually 
occurs as a reddish-yellow or brown powder ; 
the commercial article contains free sulphur, 
and is generally prepared by the action of 
dilute acid on a solution of an alkali thio- 
antimoniatc. A purer product is obtained 
by passing hydrogen sulphide through a 
solution of antimony pentachloridc in 
hydrochloric acid. The pcntasulphidc readily 
loses sulphur on gentle heating, forming 
the trisulphidc, SbjS,. It is dissolved by 
solutions of alkalis, giving a mixture of 
antimoniatc and thioanlimonialc . Thioanti- 
moniates arc also formed by the action of 
alkali sulphides on the pcntasulphidc, or 
by boiling the trisulphidc with sulphur and 
alkali solution. Sodium thioantimoniate, 
or Schlippe's Salt, Na,SbS 4 , 911,0, a pale 
yellow crystalline solid, is prepared by the 
latter method. 

Anti - oxidants. Substances added to 
rubber to retard the ageing ( q.v .) or deterior¬ 
ation of the vulcanizatc. The more im¬ 
portant types arc : aldehyde-amines ; amino- 
ketone compounds and condensation pro¬ 
ducts ; amines; amino-phenol and amino- 
hydroxy compounds and condensation 
products; hydroxy compounds; ultra¬ 
violet light absorbents. Rubber contains 
natural (serum) anti-oxidants which protect 
raw rubber against deterioration, but do not 
afford sufficient protection to vulcanized 
rubber. 

Antipyrin. See Phenazonc. 

Antitoxins. Antitoxins arc antibodies 
formed in blood to which bacterial toxins 
have been introduced. A given untitoxin 
will only neutralize its own toxin, with 
which it apparently combines in a quantita¬ 
tive manner. All antitoxins so far obtained 
contain proteins. 

Antox. Antimony white, the pigment 
antimonious oxide, Sb.0 3 . 

Antrypol is a trade name for the sodium 
salt of the symmetrical urea of wi-amino- 
benzoyl - m - amino - p - methyl - benzoyl - 
l-naphthylamine-4 : 6 : 8-trisulphonic acid. 
It is administered intravenously for sleep¬ 
ing sickness and for “ nagana,’* a similar 
disease attacking domestic animals. 
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Antwerp blue. See Prussian blue. 

Apatite, Ca 4 F(P0 4 )„ mineral “ phosphate 
of lime.” Crystals are hexagonal, pyra¬ 
midal hcmihedric 1 : 0-734, isomorphous with 
vanadinitc and pyromorphite. There arc 
two molecules in the unit cell, in which 
a = 0 37 a and c — G 88 a. The unit cell 
has a sheet structure with reflection planes 
at heights c/4 and 3c/4 above the base. 
Each F atom is surrounded by three Ca 
atoms; the remaining Ca atoms arc at 
heights 0, c/2, and c. The P() 4 groups arc 
tetrahedrul and have u structure like the 
Si0 4 groups in silicates. The crypho- 
crystallinic form is phosphorite. Use —(after 
treatment with sulphuric neid) for artificial 
fertilizers (i.c. os a source of soluble phos¬ 
phate). 

Apiin, C t4 H,,O l4 , is the glycoside present 
in the leaves and seeds of parsley. The 
sugar is apiosc ( q.v .), and the ugluconc is 
apigenin (5:7: 4'-trihydroxyflavone), the 
point of attachment of the sugar being 
through the 7-hydroxyl group. It has M.P. 
228°, [<x] D - 130°. 

Apiol is a deep green oily liquid which is 
left after the separation of the solid fat 
from an extract of parsley fruits obtained 
by exhausting the fruits with alcohol or 
ether. It is used to u small extent in 
medicine, and is of value in the treatment 
of dysmenorrhcca and amcnorrhcca. 

Apiose, CjH 10 O 4 , is a sugar containing a 
branched chain of carbon atoms; it is 
found in parsley, where it is a constituent 
of u glycoside apiin. 

HO • CHjv 

>C(OH) ‘ CII(OH) • CHO 

IIO • CH/ 

It is known as a syrup which is optically 
inactive and non-fermentablc. 

Apocodeine, C„H 1# OjN, is prepared by 
the action of zinc chloride on codeine. Its 
hydrochloride is a grey hygroscopic powder, 
soluble in water, less soluble in alcohol, 
and is used medicinally as an expectorant 
and sedative, particularly for the relief of 
bronchitis. Injected hypodermically it is 
a purgative. 



Apomorphine, C„H 1 t O,N. White crys¬ 



tals when pure, slightly soluble in water, 
soluble in alcohol and ether. Its hydro¬ 
chloride, which exists os grey crystals 
slightly soluble in water and alcohol, is 
prepared by treating morphine or codeine 
with on excess of hydrochloric ucid. It is 
a very useful emetic and hypnotic when 
administered hypodermically and in smaller 
doses taken orally is on expectorant. 

Apron conveyor*. The simplest type 
consists of two chains between which are 
fixed a series of wooden or steel bars such 
that the whole forms a practically con¬ 
tinuous moving platform. For loose solids 
the platforms will overlap to a certain extent 
in order that material may not be lost in 
between the bars. 

Aqua-dag. Sec Acheson graphite. 

Aqua regia. A mixture of nitric acid 
with three to four times its volume of 
concentrated hydrochloric acid, so called 
because it will dissolve " noble ” metals, 
such as platinum and gold. Its strong 
oxidizing action is due to nitrosyl chloride 
(NOCI) and chlorine produced by inter¬ 
action of the two acids. 

Aquinas, Thomas (1225 (?)-l274). Bom at 
the castle of Roccasecca in the province of 
Naples, Aquinas was educated at the Abbey 
of Monte Cassino and the University of 
Naples. In spite of the condemnations of 
many of his doctrines, Thomas was canon¬ 
ized in 1323 by Pope John XXII. Teacher, 
philosopher, and theologian, he introduced 
the term “ amalgam ” for solutions of metals 
in mercury. 

Araban. A hemiccllulosc, which gives 
arabinose on hydrolysis, and occurs with 
xylan in wood and in several gums. 

l-A rabinose, C 4 H l0 O 4 , is the pentose sugar 
of gums, and has the formula 
OH OH H 

HO • CH, • C • C • C • CHO. 

H H OH 
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Arachidic 

„ is a constituent of some glycosides, in 
rfJdar the vicianosides. It is easily 
P ,red from sugar beet pulp (Harding. 

prepared from ^ ^ crystalline 

l^mbinoseh'asla] + 175' initially, decrees- 
“ 4 - 104°. Arabinose has similar pro- 

no^sto glucose: it is not fermentable 
F \rmstron--s Carbohydrates); D-ara- 
b'nose is known in the glycoside barbaloin 
* a constituent of the tubercle bacillus. 
Araehidic acid, n-Eicosamc acid, 

C m H„0„ CH, [CH,],. COOH. 

rrvstallises in plates, M.P. 77". soluble in 
ether chloroform, or hot alcohol. A fatty 
occurring as glycerides in peanut and 
other vegetable oils. 

Arachidomc acid, 

CH, • (CH,). (CH :CH • CH,). (CH,). COOH 

An unsaturated fatty acid with four double 

£o„dsi it is obtained from the liver of 
SI and from the brain. It is present ,n 
Sin in greater quantities than any other 

""Arag'o ^Dominique Francois Jean (1780- 
1853) Bom at Estogcl. Eastern Pyrenees. 
Araao was educated at the Municipal School 
and at the £colc Polytechnique. Instead 
of entering the army as had been intended. 
hc became secretary to the Pans Observa¬ 
tory There he met I^placc, and with Biot 
was commissioned to complete the meri¬ 
dional measurements begun by Delambrc. 
His fame rests mainly on his contributions 
to optics and magnetism. With a polari- 
scope of his own construction he made 
observations on the polarization of the light 
of the sky. Sec “ Brit. Enc.,” Vol. 2, p. 208. 

Aragonite, CaCO„ a rhombic crystalline 
form of calcium carbonate, the structure of 
which may be regarded as derived from that 
of nickel arsenide ( q.v .) by replacing nickel 
by calcium and arsenic by carbonate groups 
(compare the structural relationship of 
calcite to sodium chloride). As in calcitc 
each CO, group is surrounded by six Ca 
atoms which arc arranged in the structure 
in approximately the positions of hexagonal 
close-packing, giving the crystals pseudo- 
hexagonal symmetry. Sp. gr. 2-94-3 0. 
Hardness 3-4. Refractive indices (Na D 
line), a = 1-530, 0 = 1 681, y = 1 686. On 
heating to 1000° it dissociates into lime 
(CaO) and carbon dioxide, the latter escaping 
as gas. Compare Calcite. 

Araroba is a yellowish-brown powder 
obtained from cavities in the trunk of 
Andira araroba, a tree growing in Brazil. 
It is the source from which chrysarobin is 
obtained and on which its medicinal pro¬ 
perties depend. It is used externally in the 


form of an ointment as a stimulant and. 
parasiticide in acne rosacea, alopecia, 
psoriasis, and ringworm. 

Arbutin, C lt H„0 7 , is a typical phenolic 
glycoside, that of hydroquinonc, 

C#H u O, • O • C,H 4 OH. 

It is a colourless, crystalline, bitter sub¬ 
stance obtained from the leaves of the 
bearberry, and of most Ericaca;. Since 
hydroquinonc is a powerful antiseptic 
arbutin has pharmacological values ; it has 
also diuretic action. The commercial pro¬ 
duct has up to 40 % of methylarbutin. It 
has M.P. 200°, [a] D - 63-5°. 

Arc spectrum. The nature of the spect¬ 
rum emitted by a substance depends, to 
some extent, on the violence of the process 
employed to excite the emission. Gener¬ 
ally the disturbances suffered in a flame or 
in an electric arc are mild compared with 
those in an electric spark, so that fresh 
lines, or lines enhanced in intensity, appear 
in the spectrum excited in the spark. The 
spectrum produced in the arc is called the 
arc spectrum ; the enhanced and fresh lines 
in the second case constitute the spark 
spectrum. 

Argentite, Ag,S, is an important ore of 
silver in Nevada and Mexico. It crystal¬ 
lizes in the cubic system. Hardness 2$. 

Arginase is the enzyme which decom¬ 
poses arginine into ornithine and urea. It 
therefore takes part in the production of 
urea from carbon dioxide and ammonia in 
the liver. The cycle is as follows : in the 
first stage ornithine (a-8-diaminovalcric acid) 
is converted into citrullinc and this into 
arginine; in the Anal stage urea is split off 
by the enzyme and ornithine reproduced to 
take part in a new cycle. It is abundant 
in mammal’s liver but absent from that of 
birds. It is active at p n 9-8. The chemical 
nature is unknown ; it is cosily activated 
or retarded by other substances. 

Arginine, a-Amino-8-guanidino-n-valeric 
aoid, C,H 14 0,N 4 . 

HN 

w v / c NH CH, • CH, • CH, • CH • COOH 

NH, 

Crystallizes in plates or prisms, M.P. 207°, 
with decomposition. Soluble in water, 
sparingly soluble in alcohol. The naturally 
occurring substance is dextrorotatory 
[a]” + 11-37°. Arginine is one of the 
basic amine-acids and one ©f the most widely 
distributed products of protein hydrolysis. 
It is obtained in particularly high concen¬ 
tration from proteins belonging to the 
protamine and histone classes. It plays an 
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important r61c in the production of urea as 
an excretory product. It can be detected 
by the red colour it gives with a-naphthol, 
sodium hydroxide, and sodium hypochlorite. 
See “ The Biochemistry of the Amino-Acids," 
by Mitchell and Hamilton. 

Argol. Crude potassium bitartrate, as 
obtained from the lees of wine. 

Argon, A. At. no. 18, At. wt. 39 944. 
Argon was discovered ns a result of Lord 
Rayleigh’s observation (1893) that atmo¬ 
spheric “ nitrogen" had a density which 
was approximately 0-5 % greater than that 
of nitrogen prepared by chemical means. 
The new element was isolated by removal of 
nitrogen from air by sparking with excess 
of oxygen in presence of alkali, and then 
absorbing the excess oxygen with phos¬ 
phorus. Alternatively chemical absorbents 
(e.g. heated calcium) may be used. Argon 
is completely inert. Argon is now made 
commercially by the rectification of liquid 
air. This method will yield pure argon, 
whereas chemical methods yield a mixture 
of all the rare gases of the atmosphere. 
Argon is the most abundant of the rare 
gases. It constitutes 0-941 % by volume 
of carbon dioxide-free air. Argon has been 
found in the gases emitted from various 
natural sources. Its boiling and melting- 
points arc — 180-1° and — 189-0°, respec¬ 
tively. The solubility in water is about 
2-5 times that of nitrogen, the absorption 
coefficient in water at 0° being 0-0501. In 
the electrical discharge argon gives a 
colour which varies from lilac to blue, 
according to the discharge conditions. 
Argon discharge tubes have a low luminous 
efficiency, and are not extensively used for 
commercial purposes. The gas may be used 
in conjunction with mercury to give blue 
and green effects. It is widely used in 
gas-filled electric lamp bulbs. 

Armco. A very pure form of commercial 
iron (99-84 %). 

Armstrong, Edward Frankland (1878- 
1945). The eldest son of H. E. Armstrong, 

E. F. Armstrong was educated at London, 
Kiel, and Berlin. After being chief chemist 
to Messrs. Huntley & Palmer, he joined 
Messrs. Joseph Crosfield in 1914, becoming 
managing director the following year. In 
1925 he became managing director of the 
British Dyestuffs Corporation, resigning in 
1928 to practise as a consultant in London. 
His work covers a wide range, including 
publications on carbohydrates and enzyme 
action, catalysis, and hydrogenation. He 
was President of the Society of Chemical 
Industry (1922-1924), and was elected 

F. R.S. in 1920. 


Armstrong, Henry Edward (1848-1937). 
Born in Lewisham, Armstrong was educated 
at Colfe’s Grammar School and the Royal 
College of Science, London, where he was 
a pupil of Frankland. In 1808 he proceeded 
to Leipzig to w-ork under Kolbc. After a 
period of research and teaching at St. 
Bartholomew’s Hospital Medical School he 
was appointed the first professor of chemistry 
at the London Institution. In 1879 he was 
appointed professor at what became the 
Finsbury Technical College. In 1884 he 
became professor at the Central Technical 
College, now part of the University of 
London. Elected F.R.S. in 1870, he was 
awarded the Davy Medal of the Royal 
Society in 1911. His original work in¬ 
cludes investigations on the tcrpcncs and 
on compounds of the naphthalene scries. 
He was the author of many books on the 
principles and teaching of chemistry and a 
great advocate of the teaching of science in 
schools. Sec J. Chem. Soc., 1940, 1418. 

Arnica. The dried flower-heads and the 
dried rhizome and rootlets of Arnica mon- 
tana are both used in the form of a tincture 
for application to bniises. This is an old- 
fashioned remedy for bruises but should not 
be used where the skin is broken. Intern¬ 
ally, it acts as a gastric and intestinal 
irritant. 

Arochlors. Chlorinated diphenyls, thick 
oils or resin-like solids used in cellulose 
lacquers, on which they confer increased 
brilliance and resistance to Arc. They arc 
not oil-soluble. One chloro derivative which 
is stable at 200° F. is used to replace the 
lubricating oil employed to operate steam 
turbine valves and thereby reduce the risk of 
fire. 

Aromadendrene, C, t H l4 . The principal 

sesquiterpene found in eucalyptus oils, 
B.P. 121°/10 mm., </J° 0 9116, tiff 1-4978, 
[aJJ?, — ®'I°- It yields no crystalline 
derivatives. 

Aromatic. The adjective aromatic is 
used to denote the characteristics that 
differentiate the benzene derivatives from 
aliphatic and alicyclic compounds. Aro¬ 
matic characteristics are also exhibited by 
such substances as pyridine, thiophen, and 
furan, which have a ring system similar to 
that of benzene. 

Arrester. An apparatus for removing 
suspended solids or liquids from a gas stream. 
Frequently consists of a chamber fitted with 
baffle plates on which the gas stream is 
forced to impinge. 

Arrhenius, Svante August (1859-1027). 
Educated at the Universities of Upsala 
and Stockholm, Arrhenius later studied 
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under Ostwald (Riga). Kohlraosch tWu^ 

burg), Boltzmann (Graz), and 

7 . . After a period as assistant 

I^Oa^ld. he returned to Stockholm in 
1891 as professor of physics at the Technical 
Hi P hSchool ; later he became Director of 
the g Nobel Institute for Physical Chemistry- 
He was awarded the Nobel Prize for 
Chemistry in 1903. His main work dealt 
with the electrical conductivity of solutions. 
See Chem. Soc. Mem. Lecture, Trans., 19-8. 

” Araenic, As. At. no. 33. At. wt. 749. 
The normal form of arsenic, stable at 
ordinary temperatures, is a grey crystalline 
solid possessing a metallic lustre The 
crystals belong to the rhombohedral sys¬ 
tem, sp. gr. 5-73, M.P. 814" in a sealed 
tube. Sublimes without fusion at 450 , 
„p. heat 0083. Insoluble in carbon 
disulphide. Certain compounds of arsenic 
were known to the ancients, but arsenic 
itself was not known until about the fifth 
century a.d. or later; Brandt, in 1733, 
recognized “ white arsenic ” as the calx, or 
oxide, of the element, and prepared the 
latter from white arsenic (arsenic tnoxide) 
by reduction with oil. In nature, arsenic 
occurs native to some extent, and as an 
impurity in numerous sulphide ores such as 
copper and iron pyrites. Other typical 
sources of arsenic are the minerals orpiment, 
As.S,; realgar, As,S,; arsenolite As.O,; 
mispickel, FcAsS; nickel glance, NiAsS; 
cobalt bloom, Co,(AsO.)„ 8H,0. In the 
roasting of these ores in a current of air, 
fumes of impure arsenic trioxidc arc evolved ; 
these arc collected in flues, and the product 
purified by sublimation in iron pots. The 
purified oxide is marketed as “white 
arsenic”; this forms the primary source 
of the arsenic compounds of commerce. 
Arsenic may be prepared by heating arsenic 
trioxidc with powdered charcoal in a clay 
crucible covered with an iron cone, on to 
which the arsenic sublimes. The element 
is also prepared by heating certain of the 
sulphide ores with iron. In addition to the 
normal form of arsenic described above, 
known as y-arsenic, or “ grey ” or “ metallic ” 
arsenic, a number of allotropic forms have 
been prepared; a-arsenic, or “ yellow " 
arsenic, forms light yellow regular crystals, 
soluble in carbon disulphide, and in this 
and other respects closely resembles yellow 
phosphorus. It is prepared by rapid con¬ 
densation of arsenic vapour, and is very 
unstable; y-arsenic is rapidly formed on 
exposure to light; 0-arscnic, or “ black ” 
arsenic, is an apparently amorphous form, 
insoluble in carbon disulphide ; it is formed 
by rapidly heating y-arsenic in a glass tube 


in a current of hydrogen, when a black 
shining deposit of 0-arscmc appears th ® 
cooler portions of the tube. 0-Arscnit 
converted to the stable y-form by heating to 
300° ; y-arsenic gives a colourless vapour 
containing both As. and As, molecules; 
a-arscnic exists as As. molecules in carbon 
disulphide solution. The y-form is moder¬ 
ately reactive chemically ; it tarnishes in 
moist air, and bums in air at 400°, giving 
poisonous white fumes of the trioxide ; the 
powder takes fire in chlorine, arsenic tri¬ 
chloride being formed. Concentrated nitric 
acid oxidizes y-arsenic to arsenic ucid, 
H,AsO.; hot concentrated sulphuric acid 
is reduced to sulphur dioxide, an unstable 
sulphate possibly being formed. Aqueous 
alkali solutions arc without action, but 
fused alkalis react, giving an arsenite and 
hydrogen, with some arsenate and arsenide 
at high temperatures. Elementary arsenic 
is used in the manufacture of lead shot, 
addition of 0-3-1 % to the lead making 
the metal harder and more readily fusible. 
Arsenic compounds in quantity are highly 
poisonous, but some arc used in small 
amounts in medicine. Detection and deter¬ 
mination of arsenic arc of toxicological 
importance, the sensitive Marsh or Gutzcit 
tests being employed. 

Arsenic acids and Arsenates. Two solid 
arsenic acids, orthoarsenic acid, 

2H,AsO., 11,0 (or H,AsO.), 

and pyroarsenic acid, H.As,0„ have been 
described. The former is prepared by 
boiling arsenic trioxide with concentrated 
nitric acid and cooling the solution, when 
the acid crystallizes. The pyro-ncid crys¬ 
tallizes from aqueous arsenic acid solutions 
on evaporating until the temperature rises 
to 180°. Both these acids form colourless 
crystals. Arsenates corresponding with 
these acids, and with the unknown meta- 
arscnic acid, IIAsO,, arc known. Pyro- 
and meta-arsenates only exist in the solid 
state; they arc formed on heating the acid 
orthoarsenates (e.g. Na.As,0 7 and NaAsO, 
are formed on heating Na,HAsO. and 
NaH.AsO., respectively). The orthoar- 
senates closely resemble the corresponding 
orthophosphates in this and many other 
respects. The sodium salt, 

Na,HAsO., 12H,0, 

is used commercially in calico-printing. 
Solutions of arsenates give a white crystal¬ 
line precipitate, MgXH.AsO., 0H a O, with 
magnesia mixture; this precipitate gives 
magnesium pyroarsenate, Mg 2 As t O., on 
heating. Neutral solutions of arsenates 
also give a chocolate-brown precipitate of 
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silver arsenate, Ag,As0 4 . with silver nitrate 
solution. 

Arsenic bromide. Arsenic Iribromide, 
AsBr,. A white crystalline solid, sp. gr. 
3 00, M.P. 31°, B.P. 220°, prepared by the 
action of bromine on arsenic, or on arsenic 
trioxidc in presence of sulphur. In general 
properties it resembles the trichloride, but 
it is less easily hydrolysed by water. The 
tribromide is the only bromine compound 
of arsenic known. 

Arsenic chlorides, Arsenic trichloride, 
AsCI,. A colourless oily liquid, sp. gr. 2-2, 
B.P. 180 2°, M.P. - 10°. Conveniently 
prepared by distilling a mixture of arsenic 
trioxide, sodium chloride, and concentrated 
sulphuric acid ; also formed when arsenic 
burns in chlorine gas, or on heating arsenic 
trioxidc in chlorine. The liquid fumes in 
damp air, and is readily hydrolysed by 
water, giving first a hvdroxychloride. 
AsCl(OH),, and then arsenic trioxidc or 
arsonious acid. At high temperatures the 
trichloride is reduced by many metals to 
arsenic or a metallic arsenide. Ammonia 
gas is readily absorbed by the liquid, addi¬ 
tion compounds such as 

AsCI,, 4NII, 

being formed; arsine reacts, giving arsenic 
and hydrogen chloride. A number of 
double chlorides with metallic and non- 
mctallic chlorides arc also known (e.g. 

AsCI,, PCI,; 5AsCI,, 0PCI„ 2Ir,CI,). Arsenic 

trichloride is the most important halide of 
arsenic ; it is chiefly used in the preparation 
of organic arsenic compounds. 

Arsenic pentachloride, AsCI,. The penta- 
chloride has been described as a yellow 
crystalline solid, stable only at low tempera¬ 
tures (— 30°), prepared by the action of 
chlorine on arsenic trichloride. Doubt has, 
however, been cast upon its existence as a 
definite compound. 

Arsenic fluorides, Arsenic trifluoridc, AsF,. 
A colourless fuming liquid, sp. gr. 2 66, 
B.P. 60 4°, M.P. - 8 5*. Prepared by dis¬ 
tilling arsenious oxide and calcium fluoride 
with concentrated sulphuric acid, using a 
lead retort. Readily hydrolysed by water 
to arsenic trioxidc and hydrofluoric acid. 

Arsenic penta fluoride, AsF,. A colourless 
gas, B.P. — 53°, M.P. — 80°, prepared by 
the action of fluorine on arsenic, or, more 
easily, by gently warming a mixture of 
arsenic trifluoridc, antimony pentafluoride, 
and bromine. Arsenic pentafluoride is 
highly reactive; it fumes strongly in moist 
air, and Is rapidly hydrolysed by water, 
giving hydrofluoric and arsenic acids. The 
salts K,AsF 7 11,0 and KAsOF, H a O, 


formed os crystalline solids on crystalling 
a solution of potassium arsenate in hydro¬ 
fluoric acid, may be regarded as derivatives 
of arsenic pentafluoride. 

Arsenic hydrides. Only one arsenic 
hydride, arsine, AsII„ hsis been fully 
described in the literature, although the 
existence of solid hydrides, As,II, and 
As,H„ is claimed. Arsine is a colourless 
gas possessing a characteristic garlic odour; 
B.P. - 55°, M.P. - 113 5°. It is prepared 
in small quantity by the action of zinc and 
dilute acid on a soluble arsenic compound, 
when the hydrogen evolved contains a small 
proportion of arsine; this reaction is used 
in the Marsh and Gutzcit tests for arsenic 
(q.v.). The practically pure gas is prepared 
by the action of dilute hydrochloric acid on 
zinc arsenide, Zn,As,; the latter is obtained 
by heating together equal weights of fine 
granulated zinc and powdered arsenic in 
a closed vessel. Arsine is highly poisonous. 
It is a comparatively unstable compound, 
depositing free arsenic on exposure to light 
and moisture. It decomposes into arsenic 
and hydrogen at 230*. The gas is a strong 
reducing agent. The hydride, As,II„ is 
described as a brown powder, prepared by 
dropping a solution of arsenic trichloride in 
hydrochloric acid into an ethereal solution 
of stannous chloride. As 4 II, is said to be a 
red solid, obtained by the action of arsine 
on a solution of stannic chloride in hydro¬ 
chloric acid. 

Arsenic iodides, Arsenic di-iodide, As,I 4 . 
A dark red crystalline solid, M.P. 130°, 
prepared by heating arsenic (1 part) with 
iodine (2 parts) in a scaled tube ut 260*. 
Soluble in organic solvents. Reacts readily 
with iodine, giving the tri-iodide, and with 
hot water, giving the tri-iodide and arsenic. 

Arsenic tri-iodide, Asl,. Red hexagonal 
crystals, sp. gr. 4 39, M.P. 140°, B.P. 394°- 
414°. Prepared by the action of arsenic 
on a solution of iodine in carbon disulphide, 
or by adding potassium iodide solution to a 
hot solution of arsenic trioxidc in hydro¬ 
chloric acid. Slightly soluble in water, 
giving a yellow solution with an acid 
reaction ; the tri-iodide is much less easily 
hydrolysed than the trichlorideortribromide. 

Arsenic penta-iodide, Asl s . A brown 
crystalline solid, sp. gr. 3*95, M.P. 70°, 
prepared by heating the theoretical quan¬ 
tities of arsenic and iodine to 150° in a 
sealed tube. Soluble in water and several 
organic solvents. Readily decomposed on 
heating. 

Arsenic oxides, Arsenic trioxide, As,0, 
(Arsenious oxide, “ white arsenic ”). Com¬ 
monly occurs as white octahedral crystals, 
sp. gr. 3-689, subliming easily without 
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knoTn ; an amorphous form is produced by 

2Vat 13°) than the normal variety (about 
f oart in 70). A monoclinic form of arsenic 
trioxMe is deposited on crystalling a 
boiling saturated solution of the octahedral 
form in caustic alkali solution. Arsenic 
(rioxide is obtained commercially as a by¬ 
product in the treatment of certain sulphide 
ores containing arsenic (cf. Arsenic), and 
forms the principal commercial source of 
arsenic ond its compounds. It is formed 
when arsenic burns in air or oxygen, me 
trioxide is readily oxidized (e.g. by chlorine, 
hydrogen peroxide, or nitric acid) to the 
pentoxide, As.O., or to an arsenate if 
alkali is present; it reduces Fehling s 
solution, red cuprous oxide being precipi¬ 
tated. It is also readily reduced to arsenic 
by heating with carbon or potassium cyanide. 
Arsenic trioxidc is soluble in hydrochloric 
acid, and on boiling the solution arsenic 
trichloride distils in the steam; fuming 
sulphuric acid gives a series of unstable 
sulphates. These facts show the weakly 
basic character of the oxide. The aqueous 
solution contains arsenious acid, H,AsO„ 
and the trioxidc dissolves in alkalis giving 
arsenites; it is here acidic in its function. 
Arsenic trioxidc is used as a vermin and 
weed killer, in taxidermy, and in the manu¬ 
facture of glass. Smaller amounts are 
used medicinally. 

Arsenic pentoxide, AsjO*. A white deli¬ 
quescent amorphous solid, generally pre¬ 
pared by boiling arsenic trioxide with con¬ 
centrated nitric acid, evaporating, and 
heating the residue to 200°. Loses oxygen 
at a red heat, forming the trioxide. The 
pentoxide is soluble in water, but the solid 
dissolves very slowly ; the aqueous solution 
contains arsenic acids. Arsenates arc formed 
with alkalis. 

Arsenic sulphides. Arsenic disulphide, 
As t S 2 . An orangc-rcd crystalline solid, 
occurring naturally as the mineral realgar, 
sp. gr. 3-56. Manufactured by heating 
sulphur with an excess of arsenic or arsenic 
trioxidc, or by heating a mixture of pyrites 
and mispickel (FcAsS); also prepared by 
boiling arsenic tri- or penta-sulphidc with 
a solution of stannous chloride in hydro¬ 
chloric acid. Insoluble in water and dilute 
acids; decomposed on heating with alkalis 
or alkali sulphides. Used in the tanning 
industry as a depilatory for certain leathers, 
and in pyrotechny (see Indian fire). 


Arsenic trisulphide, As,S A lemon- 
yellow powder, sp. gr. 3-4G, B. • • 

which can be sublimed m e vacuum at 230 • 
Occurs naturally, occasionally as ortho 
rhombic crystals, as orpiment. I reparedJ >v 
heating together the calculated quantities of 
arsenic and sulphur, or by passing hydrogen 
sulphide through a solution of 
trioxide in dilute hydrochloric add. A 
colloidal solution of arsenic trisulphide 
rcadilv prepared by passing hydrogen 
sulphide through a solution of arsenic 
trioxide in distilled water. The trisulphide 
bums on heating in air, giving the trioxide 
and sulphur dioxide. It is oxidized by 
nitric acid, but, unlike antimony trisulpludc, 
is insoluble in concentrated hydrochloric 
acid. Alkalis convert arsenic trisulphide 
into an arsenite and a ihioarsenite (e.g. 
K.AsS,). Thioarsenitcs, which form colour¬ 
less crystals or white amorphous powders, 
are also prepared by dissolving the tri- 
sulphide in alkali sulphide solutions. The 
thioarsenious acids, H,AsS a , H«As a S a , and 
IIAsS,. with which these salts correspond, 
are unknown in the free state. 

Arsenic trisulphide is readily soluble in 
yellow ammonium sulphide forming thio- 
arsenate solution, from which the penta- 
sulphidc and sulphur arc precipitated on 

acidifying. . . . . . 

Arsenic pentasulphide, As t S». A bright 
yellow powder, conveniently prepared by 
passing hydrogen sulphide through a solu¬ 
tion of arsenic acid or an arsenate, containing 
an excess of ammonia ; after the hydrogen 
sulphide treatment the pentasulphide is 
precipitated on acidifying the solution. 
Arsenic pentasulphide is insoluble in water 
or organic solvents ; it dissolves in alkali 
solutions, giving thioarsenates (e.g. K a AsS 4 ), 
and compounds containing both oxygen and 
sulphur (e.g. Na,AsO,S. K a AsOS a ). The 
alkali thioarsenates arc colourless crystal¬ 
line solids, soluble in water, prepared by 
dissolving arsenic pentasulphide in an 
alkali sulphide solution or arsenic tri- 
sulphide in an alkali polysulphidc solution. 
The corresponding acids have not been 
isolated. 

Arsenious acids and arsenites. An 
aqueous solution of arsenious oxide prob¬ 
ably contains ortho- or meta-arsenious acid, 
H,As 0 3 or HAsOj. The oxide also dis¬ 
solves in sodium bicarbonate or alkali solu¬ 
tions, giving alkali orthoarsenites, e.g. 
Na,AsO„ a white powder soluble in water. 
Salts corresponding with the acids H a AsO a , 
HAsOj, and II 4 As,O s (pyroarsenious acid) 
are known. Certain copper arsenites (cf. 
Schweinfiirter Green, Scheele’s Green) arc 
of some importance. Solutions of arsenites 
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give with silver nitrate solution a yellow 
precipitate of silver arsenite, Ag,AsO„ 
soluble in acetic acid. 

Arsenobenzene. See Arsphenamine. 

Arsenuretted hydrogen. See Arsenic 
hydrides. 

Arsine. Sec Arsenic hydrides. 

Arsphenamine, Arsenobenzene, 
Ci,H 11 O i N,As i , 2HC1, 211,0. 

A yellow solid, readily soluble in water, 
slightly soluble in alco¬ 
hol. It is prepared from As— As 

3-nitro-4-hydroxy- fN 

phenyl - arsonic acid, 
and is administered in- NHJ J l JNH, 
tmvenously for syphilis, OH oh 

malaria, andsepticieniia. 

Aryl. When a hydrogen atom 19 re¬ 
moved from a hydrocarbon of the benzene 
scries, the residue is called an aryl radical. 

Asafetida is an exudation from the living 
root of various species of Ferula. It occurs 
in white tears embedded in soft brownish 
masses and contains gum. resin, und volatile 
oil and has a powerful alliaceous odour and 
taste. Asafetida has carminative and seda¬ 
tive properties, and is given in hysterical 
conditions and for flatulence. 

Asbestos. A class of fibrous silicates of 
magnesium, calcium, sodium, and iron. 
It consists of umphibolcs such as tremolite, 
anthophyllitc, etc., or of chrysolite. As¬ 
bestos is not so refractory as is commonly 
supposed, its melting-point being 1280°- 
1310°. It is a good heat-insulator, and is 
used for this purpose in the form of sheets 
and bricks. The so-called '* gas-fuel ” or 
** asbestos fuel ” used as radiants in gas- 
stoves seldom contains any asbestos. 
Mixed with Portland cement, it forms 
corrugated sheets, roofing tiles and other 
articles. When woven with cotton into a 
stiff cloth it is used for lining brakes, etc. 

Ascaridole, C 10 H l# O,. A constituent of 
chcnopodium oil, which ex¬ 
plodes violently on heating CH, 

to 130°-150°, and is a valu- 1 

able drug for the treatment 
of hook-worm disease (an- jj £ q CH 
kylostomiasis). It is separ¬ 
ated from the parent oil by H,C O CH 
fractional distillation at re- \|/ 

duccd pressure and has the C 

constants: B.P. 9G°-07*I8 I 

mm., d* 0 0985, n“ 1-4769. 

(aJ D + 0 7\ No crystalline H,C CH, 
derivatives arc known. It 
is decomposed explosively by mineral 
acids. It forms the isomer, ascaridole 
glycol anhydride, B.P. 122M25°/20 mm., 
on heating in xylene solution to 130°-150°. 


r 

H,i O Jh 

\l/ 

c 

ill 

II,C^CH, 
by mineral 


Ascarite. A brand of soda-asbestos. 

Ascorbic acid. Vitamin-C. The absence 
of vitamin-C from the food of man leads 
to the disease scurvy. Vitamin-C was 
shown in 1932 to be identical with a sub¬ 
stance previously isolated from various 
plant sources, and called hexuronic acid. 
This has now been renamed ascorbic acid. 
It is thccnolic form of 3-kcto-/-gulofurano- 
lactone, C,H,0,, shown here¬ 
with. It is a colourless 
crystalline solid, M.P. 190°, 
with decomposition. It is 
readily soluble in water 
and less soluble in alcohol. 

Crystalline ascorbic acid is 
stable, but it is rapidly 
destroyed by oxidation in 
solution. The naturally 
occurring substance is called 
L-ascorbic acid, owing to its 
relation to L-gulosc, but it is 
dextrorotatory, [a]" + 49°. It is a very 
powerful rcducingagent and can conveniently 
be estimated by titration with 2 : 0-dichloro- 
phcnol-indophenol. Ascorbic acid is present 
in oranges, lemons, paprika, germinating 
seeds, and most fruits and vegetables. It 
has been found in the adrenul glands and 
the lens of the eye. It is prepared com¬ 
mercially from glucose, which is reduced to 
sorbitol, oxidized to sorbose by bacteria of 
the Acetobacter group, and then oxidized 
chemically to ascorbic acid. Ascorbic acid 
is presumably essential to the body on 
account of its properties as an oxygen 
carrier. 

Ash in coal. From an industrial point 
of view, the amount and nature of the solid 
residue remaining after the coal substance 
has burnt away arc of primary importance. 
The laboratory method of determining the 
% ash in coal has been standardized in 
B.S.I. publication no. 735, 1937, and the 
analysis of ash in B.S.I. no. 680, and the 
fusion temperature in B.S.I. no. 453. 

Asparaginase is the enzyme which con¬ 
verts asparagine into aspartic acid and 
ammonia. It is fairly widely distributed. 

Asparagine, Aminosuccinamic acid, 

C 4 H.O,N t , 



H,N • 


CH, CO NH 
in • COOH 


i 


Crystallizes in rhombic prisms with one 
molecule of water, which it loses at 100°, 
M.P. 234°-235°. Soluble in water. Hy¬ 
drolyses slowly with boiling water, and 
more rapidly with acids or alkalis, to aspartic 
acid. The most commonly occurring form 
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i8 lievorotatory [«£ - 5-42». It can be 

srts 

siJph ure t tcd° "hy^ogc n ^ a 

with alcohol. It is very widdy d«stn- 
butcd in plants, being found m all the 
Leguminosa; and Gramincx, and in many 
other”seeds, roots, and buds. Its exact 
function is not known with certainty, but 
it very probably plays a part in the syn¬ 
thesis of proteins, and it has been suggested 
that it is the chief form in which nitrogen 
is transported in the plant. 

Asparagosin (C 4 H l0 O 4 )„ the fructosan of 
the asparagus, has [«] D - 32 6 ; it«. made 
up of ten hexose units. Hydrolysis of 
methyl asparagosin yields tetra-, tn-, and 
dimethyl fructose in the ratio 1:8:1. 

Aspartase is an enzyme which acts (a) to 
produce L-aspartic acid from fumaric acid, 
and (6) to remove NH, from L-aspartic acid. 

Aspartic acid, Aminosuccimc acid. 
C 4 H,0 4 N. Crystallizes in CII. COOH 
prisms. M.P. 271°. Spar- I 
ingly soluble in cold water, CH—COOH 
more soluble in hot. The I 
naturally occurring sub- Nl| i 
stance is known ns L-aspartic acid. It is 
dextrorotatory in cold water and acid 
solutions and Ixvorotatory in hot water 
and alkaline solutions. It is one of the 
acidic amino acids obtained by the hy¬ 
drolysis of proteins. See “ The Biochemistry 
of the Amino-Acids,” by Mitchell and 
Hamilton. 

Asphalt. Natural or mechanical mix¬ 
tures in which asphaltic bitumen is as¬ 
sociated with inert mineral matter. 

Asphalt emulsions. In order to avoid the 
necessity of heating the asphaltic binder in 
the preparation of road carpets, an emulsion 
of asphaltic bitumen in water in the presence 
of a suitable emulsifying agent may be used. 
The emulsion has a viscosity only a little 
higher than that of water, may be applied 
cold, and is broken down by soluble salts 
present in the mineral aggregate. Special 
types of these preparations have been 
developed for use in soil stabilization. 

Asphaltic bitumen has been described in 
British Standard Specifications as “ Natural 
or naturally occurring bitumen, or bitumen 


prepared from natural hydrocarbons by 
distillation or oxidation or cracking, 
solid or viscous, containing a low percentage 
of volatile products ; possessing character¬ 
istic agglomeration properties, and sub¬ 
stantially soluble in carbon disulphide. 

Asphaltic residue. The residue obtained 
from certain types of crude oil after the 
removal by distillation of the gasoline 
kerosene, gas oil, and lubricating oil 
fractions. By further distillation with 
steam and under vacuum this residue may 
be worked up to asphaltic bitumen. 

Asphodelin (C.H l0 O s ),. Asphodel tubers 
contain a fructosan [a] D — 31° made up 
of 7 hexose units. Hydrolysis of methyl 
asphodelin yields tetra-, tri-, and dimethyl 
fructose in the ratio 1:5:1. 

Aspirin, acetylsalicylic acid, C,H t 0 4 . 
Colourless crystals, M.P. OCOCH, 

135*-138°. Soluble in 300 / / 

parts of water, and in 5 I l 
parts of alcohol. Pre- ' COOH 

pared by the action of 
acetic anhydride on salicylic acid. It is 
widely used in tablet form as an analgesic 
and antipyretic. 

Associated liquids. Liquids which are 
composed wholly or in part of loosely 
combined aggregates of two or more mole¬ 
cules instead of, in the case of normal or 
unassociated liquids, of single molecules. 
Water and ethyl alcohol arc examples of 
associated liquids. In water the mean size 
of the aggregate varies from 3*81 molecules 
at 0° to 2 06 molecules at 100’. Association 
in a liquid may be detected by several 
methods based on surface tension deter¬ 
minations (e.g. by applying the Ramsay and 
Shields’ equation), or by deviations from 
Trouton’s Rule (q.v.). 

Association. A term applied generally 
to the combination of the molecules of 
one substance with another to form more 
complex molecules. A substance showing 
this effect is said to be associated. The 
phenomenon is encountered in solutions, 
in pure liquids, and in vapours, and may be 
determined by the ordinary methods of 
molecular weight determination, since the 
associated molecules behave as units of 
increased molecular weight. 

Astacene, C 10 H 44 O 4 . 


rw fH CH, CH, 

V 
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The characteristic pigment obtained from 
Crustacea, in which It is believed to be 
present in the form of its derivative os- 
taxanthin ns part of a chromoprotein. 
Astaxanthin is a xanthophyll, C 4# H,,0 4 . 
Astaccnc crystallizes in bluish-red needles 
from pyridine, M.P. 243°. It is soluble in 
benzene and chloroform, sparingly soluble 
in alcohol, insoluble in water. 

Astatine, At. The name proposed in 
11)47 by Corson, Mackenzie and Segrfc for 
element 85, prepared by bombarding 
bismuth with a-particles. See Alabaminc. 

Astbury, William Thomas (1808- ). 

After being assistant to Sir William Bragg 
at the Royal Institution, Astbury became 
in 1028 reader in textile physics at Leeds 
University, where in 1045 a chair of bio- 
molecular structure was established for 
him. He has contributed much to modern 
theories of protein structure. 

A.S.T.M. distillation test. A test de¬ 
signed to determine the boiling range, 
and to give a measure of the volatility of 
petroleum products. A sample of fixed 
volume i9 distilled in rigidly standardized 
apparatus and under standard conditions, 
the initial and final boiling-points deter¬ 
mined and the distillation temperature 
observed for a scries of increments of dis¬ 
tillate. 

A.S.T.M. steam emulsion test. For many 
oils it is important that the tendency 
to form an emulsion with water should 
be small. An arbitrary measure of this 
tendency is provided by the A.S.T.M. test, 
in which the oil sample is emulsified by 
blowing in steam, and the time taken 
for the emulsion to break down under 
rigidly standardized conditions determined. 
This time expressed in seconds is known as 
the steam emulsion number. 

Aston, Francis Wiliam (1877-1945), was 
born in Birmingham and educated at 
Malvern and Mason College. He became 
chemist in a brewery at Wolverhampton 
and in 1901 went to the Cavendish Labora¬ 
tory, Cambridge, where he carried out 
very accurate determinations of isotopes. 
He received the Nobel Prize for chemistry 
in 1922. See Nature 1940, 157, 290. 

Aston dark space. See under Glow 
discharge. 

Astrachanite, Na 2 S0 4 , MgS0 4 , 4H 2 0. 
One of the less important minerals occurring 
in the Stassfurt salt deposits. 

Asymmetry. Literally, the property of 
lacking symmetry. In its chemical sense the 
term is applied to asymmetry of molecular 
or of crystal structure, which is associated 
with the occurrence of optical activity. 
Asymmetry’ in molecular structure is 


illustrated by the case of tartaric acid, 
which has the structure shown below :— 

In this, the central carbon C/),!!, 

atom is said to be asym¬ 
metric, there being no HO—C—II 
symmetry whatever in the I 

nature of the four groups COOII 

arranged around it. In certain crystals, 
e.g. in quartz, there is asymmetry in the 
crystal structure, and this, as in the case of 
tartaric acid, leads to rotation of the plane 
of |>olarization of polnrized light, i.e. to 
optical activity (7.U.). 

Atebrin. A trade name for a brand of 
mepacrine hydrochloride. 

Atmolysis. Process of separation of two 
gnses based upon Graham's Law of Diffusion. 

Atmosphere, Composition of. Sec Air. 

Atmospheric cooling towers. This type 

of plant is frequently employed in the 
cooling of water by atmospheric evapora¬ 
tion. The tower is built up from an 
arrangement of splash pieces, and is sur¬ 
rounded by open louvres, so that the maxi¬ 
mum area for evaporation and free access 
of wind are secured. Water is allowed to 
trickle down the tower and sufficient 
vapour is removed in the air current to 
give an appreciable temperature drop. 

Atom. The smallest portion of an ele¬ 
ment which can enter into chemical change, 
and cannot be further subdivided without 
destroying its identity. The fundamental 
properties of on atom arc its mass and its 
nuclear charge ; the first is measured as 
atomic weight and the second ns its atomic 
number. The modern view of the atom 
is that it is composed of a nucleus sur¬ 
rounded by a “ cloud ” of electrons. The 
nucleus is positively charged and in it 
most of the mass of the atom is concen¬ 
trated. The surrounding cloud of electrons 
is of small mass, negatively charged, and 
equal in number to the atomic number, 
that is to the nuclear charge. The ar¬ 
rangement of the electrons in the cloud 
does not lend itself to any clear visible 
picture, but the electrons may be considered 
to lie in energy levels or orbits round the 
nucleus. The particular orbit of an elec¬ 
tron is determined by the number of dis¬ 
crete “ quanta ” of energy which it possesses ; 
an orbit is determined by four “ quan¬ 
tum numbers,” no two electrons in the 
same atom having equal values for each 
of these numbers. The nature and num¬ 
ber of the outermost orbits determine 
the chemical properties of the atom; 
chemical combination occurs cither by the 
“ sharing ” of electrons with an adjacent 
atom, or by the loss or gain of one or more 
electrons, giving an ion, which combines 
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... on ion of opposite charge. See Co- 

^ent link, cJ2£*» E ^' 

VaI «tamin k energy. Until comparatively 

reclnt^imes thf laws of conservation of 
""and energy were believed to be valid. 
H now accepted, however, as a eonse- 
auence of Einstein's relativity theory, that 
mass and energy are in^nve^b.e and 
oro related by the equation E = me 3 ,* nere 
E ,ertTis the energy associated with m«s 
l grammes), and c is the veloe.ty of light 
Z v 10'° cm. per sec.). Because of the 
extremely large proportionality ,ac *° r -J® 
x 10 *'), Changes In mass consequent upon 
ordinary energy changes are n °t detectable 
hut if 1000 g. of mass be converted entirely 
toeneqjy. the latter amounts to 2 5 X 10” 
kilowatt hours. 

The atomic nucleus is (excepting hydro- 
con) a stable structure consisting of protons 
and neutrons; to separate these con- 
stituents would require energy ; conversely, 
the formation of an atomic nucleus from its 
constituent particles must result in the 
release of energy, which must originate from 
mass. This is known as the binding energy 
of the nucleus, the magnitude of which can 
be calculated from a knowledge of the 
masses of the free constituent particles and 
of the nucleus. For instance, the mass of 
the proton is 1 00758. that of the neutron 
1 - 00893 , and that of the helium nucleus 
4 00280. Thus in forming, the latter from 
two protons and two neutrons, 0 03302 units 
of mass have disappeared, (“0 = 16 00000 
units of mass), corresponding to the release 
of 4 5 X 10 " 4 ergs per nucleus or 16 X 10” g. 
calorics per g. of helium. . 

Mass spcctographic measurements provide 
accurate values for the atomic masses of the 
elements, from which the “ mass deficits ” 
and hence the binding energies per particle 
have been calculated. The values thus 
obtained show that light and heavy elements 
are less stable than those of medium mass, 
i.e. 40-100 mass units, and it follows that if 
either of the former can be converted into 
medium weight elements, energy must be 
released. Energy released by such trans¬ 
mutation has been called atomic energy; 
methods of its production are a matter of 
lively interest, because of its relatively 
enormous quantity. 

Although the energetic possibility of 
atomic energy release has been appreciated 
for a considerable time, the first experi¬ 
mental evidence of its achievement was not 
obtained until 1938-39, when the fission of 
uranium was observed. A number of /J- 
activities in uranium which had been 


bombarded with neutrons had been (partly 
erroneously) attributed to the formation of 
“transuranic elements,” i.e. elements or 
higher atomic number than uranium, but 
these activities were proved to be, in most 
cases, due to elements like barium, the rare 
earths, etc., i.e. elements in the more stable 
mass range. It follows from the above 
argument that in these fission reactions, 
considerable amounts of energy will be 
liberated, amounts far in excess of the 
binding energy of the neutrons in uranium. 
If, therefore, some of this energy releases 
neutrons, these might be capable of causing 
further fissions, so that a continuous nuclear 
chain reaction is set up. According to the 
number of fission-causing neutrons produced 
in each fission, so the chain reaction will 
proceed vigorously or otherwise. A similar 
possibility exists with thorium and pro¬ 
toactinium. 

Further investigations showed that the 
isotopes of uranium, and !3S U, etc., 

behave differently towards neutrons, de¬ 
pending on the energy of the latter. Fast 
neutrons may cause fissions in ,,, U. whilst 
it is slow neutrons which split **‘U ; S,> U, 
on the other hand, absorbs slow neutrons 
without fission, producing * J *U. M, U is 
0-active, giving rise to J**Np (neptunium), 
which in turn produces J*/Pu (plutonium). 
»»»Pu, which, like *“U, is fissile to slow 
neutrons, is a-activc and thus yields * n U ; 
both elements have been investigated as 
potential sources of atomic energy. 

The utilisation of atomic energy for any 
purpose depends on its production without 
undue energy input. The economic release 
of the energy is possible only if conditions 
permit a sustained chain reaction ; in addi¬ 
tion, the chain reaction must be so controlled 
that it produces energy at a steady rate. 
The conditions necessitate (a) a sufficiently 
large quantity of fissile material to permit the 
occurrence and maintenance of a chain 
reaction, (6) absence of impurities which will 
break the chains, (c) some neutron absorbent, 
which may be varied in amount, to provide 
control by deliberately breaking chains or 
limiting their propulsion. Although the 
initial goal of atomic research during 
1939-45 was the production of atomic 
explosives, the first large-scale experiment 
was concerned with the controlled main¬ 
tenance of a chain-reacting system. In 
this device, the moderator, which slows 
down the neutrons to suitable velocities, 
was graphite, while the controlling material 
was cadmium, and the “pile” operated 
continuously at about 200 watts. For a 
detailed account of this, and subsequent 
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“ piles,’ ’ see Atomic Energy, by H. D. Smyth, 
1945. 

For the most efficient and rapid release of 
energy, the best systems arc those con¬ 
sisting of slow neutrons and * ,4 U or * s *Pu. 
The ,3i U hns been concentrated from ordin¬ 
ary uranium by n variety of methods, for 
details of which the Smyth report ( loc . cit.) 
should be consulted. The preparation of 
plutonium on a large scale by nuclear reaction 
between slow neutrons and * ,# U. followed 
by the disintegrations indicated above, 
represents an astounding achievement in 
transmutation ; it is paralleled by the 
equally outstanding accomplishment of the 
chemical separation of the plutonium from 
the mixture so obtained. The tremendous 
effect of the chain reactions which occur 
with these systems has been amply demon¬ 
strated, both during and after the 1039-45 
war. The development of atomic energy in 
controllable fashion is being investigated. 

Atomic heat. The atomic heat of an 
element is the product of its atomic weight 
and specific heat (see Dulong and Petit's 
Law). It is the heat capacity, water being 
taken as unity, of one gram-atom of the 
element. 

Atomic number. The atomic number of 
an clement is the number of unit positive 
charges carried by the nucleus of its atom ; 
it is the physical property which uniquely 
determines the position of the clement in 
the Periodic Table (q.v.). If the elements 
arc arranged in order of increasing chemical 
atomic weight, this is also the order of 
increasing atomic number (from H, at no. 1, 
to U, at no. 92), except in the case of four 
pairs of adjacent elements (A, K ; Co, Ni; 
Tc, I; Th, Pa), which arc anomalous. The 
atomic number of an element may be 
directly deduced from its X-ray spectrum. 

Atomic polarization. Sec Polarization. 

Atomic radii may be defined as half the 
closest distance of approach of atoms in 
crystals of the elements. The atomic 
radius of an element is not, how’ever, a con¬ 
stant, for it depends on the nature of the 
interatomic forces holding the atoms to¬ 
gether and also on the number of neighbours 
around each atom. Thus in the two forms 
of crystalline carbon the C-C distances are 
1-54 A. (in diamond) and 1-42 A. (in gra¬ 
phite). The former distance is that between 
adjacent carbon atoms in saturated aliphatic 
compounds while the latter is the char¬ 
acteristic distance found in aromatic rings. 
When plotted against the atomic numbers 
the atomic radii deduced from the crystal 
structures of the elements show a well- 
marked periodicity similar to the corre¬ 


sponding curve for atomic heats at low 
temperatures. For data on the atomic 
radii of metals see “ The Structure of Metals 
and Alloys," by W. Humc-Rothcry, The In¬ 
stitute of Metals, 1930. Sec Covalent radii. 

Atomic spectrum. See Line spectrum. 

Atomic theory. The corpuscular theory 
of matter had been known since early times, 
but it was first stated in a form which 
lent itself to experimental investigation by 
John Dalton in 1807. His views may be 
summarized as follows: (i) The matter of 
which elements consist is made up of 
particles or atoms, (ii) All atoms of the 
same element arc identical in weight, size, 
and shape, but difTer in weight, size, and 
shape from those of other elements, (iii) 
Atoms arc indivisible; they cannot be 
broken into smaller parts, (iv) Compound 
atoms (i.c. molecules) consist of the 
atoms of elements combined in simple 
proportions, 

Dalton's theory is now held to be correct 
in broad outline. The discovery of isotopes, 
however, has led to n modification of the 
second postulate, for it is now realized that 
the atom of an element is characterized by 
the positive charge on the nucleus rather 
than by the mass of the atom, hence an 
element may consist of atoms of different 
weights, provided that the total positive 
charge on the nuclei of the different atoms 
is identical. The charge on the nucleus 
governs the number of electrons around it, 
and it is the number and arrangement of 
these electrons which arc responsible for 
the chemical properties of the atom, and 
the nature of an element is judged by its 
chemical properties. 

Atomic weights. The atomic weight of 
an element was formerly defined as the 
ratio of the weight of one atom of the clement 
to that of one atom of hydrogen. Since the 
adoption of oxygen os a standard, the 
atomic weight of an element is defined as 
the ratio between the weight of one atom 
of the element and 1 / 10 th of the weight of 
the atom of oxygen. * The discovery of the 
isotopes of oxygen has given rise to a new 
scale of atomic weights, mainly used by 
physicists, in which the standard is the 
mass of a particular isotope (0 W ) and not 
the effective atomic mass of a given atom 
as on the older scale. 

An atomic weight is thus a ratio, and is 
not to be confused with the actual mass of 
an atom. 

The atomic weights of the elements, 
together with their atomic symbols and 
atomic numbers, are given in the following 
table: 
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Aluminium 
Antimony 
Argon . 
Arsenic . 
Barium . 
Beryllium 
Bismuth 
Boron . 
Bromine 
Cadmium 
Cirsium 
Calcium . 
Carbon . 
Cerium . 
Chlorine 
Chromium 
Cobalt . 
Copper . 

Dysprosium 
Erbium . 
Europium 
Fluorine 
Gadolinium 
Gallium . 

Germanium 

Gold 
Hafnium 
Helium . 
Holmium 
Hydrogen 
Indium . 
Iodine . 
Iridium . 
Iron 

Krypton 

Lanthanum 

Lead 

Lithium 

Lutecium 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Neodymium 

Neon 


ATOMIC WEIGHTS 
At. No. 
13 
51 
18 
33 


Symbol. 

. A1 
. Sb 
. A 
. As 
. Ba 
. Be 
. Bi 
. B 
. Br 
. Cd 
. Cs 
. Ca 
. C 
. Ce 
. Cl 
. Cr 
. Co 
. Cu 

• Dy 
. Er 
. Eu 
. F 

. Gd 
. Ga 
. Ge 
. Au 
. Hf 
. He 
. Ho 
. H 
. In 
. I 
. Ir 
. Fc 
. Kr 
. La 
. Pb 
. Li 
. Lu 

• Mg 

. Mn 

• Hg 
. Mo 
. Nd 
. Ne 


56 

4 
83 

5 

35 

48 
55 
20 

6 
58 
17 

24 
27 
29 
66 
68 

63 

9 

64 

31 

32 

79 
72 

2 

67 

1 

49 
53 
77 
26 

36 

57 
82 

3 

71 

12 

25 

80 
42 
60 

10 
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Radium . 

Symbol. 

. Ra 

At. No. 

8.8 

At. W. 

226 05 

At. Wt. 

Radon . 

• 

Rn 

86 

222 

26 97 

Rhenium 

• 

Re 

75 

186-31 

121-76 

Rhodium 

• 

Rh 

45 

102-91 

39 944 

Rubidium 

V 

Rb 

37 

85-48 

74 91 

Ruthenium 

• 

Ru 

44 

101-7 

137 36 

Samarium 


Sm 

62 

150 43 

902 

Scandium 

• 

Sc 

21 

45-10 

209 00 

Selenium 

• 

Sc 

34 

78-96 

10 82 

Silicon . 

0 

Si 

14 

28 06 

79 916 

Silver . 

9 

Ag 

47 

107-880 

11241 

Sodium . 

9 

Na 

11 

22-997 

132 91 

Strontium 

• 

Sr 

38 

87-63 

40 08 

Sulphur . 

9 

S 

16 

32 066 

12010 

Tantalum 

9 

Ta 

73 

180-88 

140 13 

Tellurium 

9 

Te 

52 

127-61 

35 457 

Terbium 

9 

Tb 

65 

159-2 

5201 

Thallium 

9 

T1 

81 

204-39 

58 94 

Thorium 

9 

Th 

90 

232-12 

63 54 

Thulium 

• 

Tm 

69 

169-4 

16246 

Tin 

• 

Sn 

50 

118-70 

167 2 

Titanium 

9 

Ti 

22 

47-90 

152 0 

Tungsten 

9 

W 

74 

183-92 

1900 

Uranium 

9 

u 

92 

238-07 

156 9 

Vanadium 

9 

V 

23 

50-95 

6972 

Xenon . 

• 

Xe 

54 

131-3 

72 60 

Ytterbium 

9 

Yb 

70 

17304 

197-2 

Yttrium 


Y 

39 

88-92 

178 6 

Zinc 


Zn 

30 

05-38 

4003 

Zirconium 


Zr 

40 

91-22 

164 94 

1 0080 

Atropine, 

dMiyoscyamine, 

C IT H M O a N 


114 76 
12692 
193 1 
5585 
83-7 
138 92 
207-21 
6940 
17499 
2432 
54 93 
20061 
9595 
144-27 
20183 


Neptunium . 

Np 

93 

239 

Nickel . 

Ni 

28 

58 69 

Niobium 

(Columbium) 

Nb(Cb) 41 

92 91 

Nitrogen 

N 

7 

14-008 

Osmium 

Os 

76 

190-2 

Oxygen 

O 

8 

16 000C 

Palladium 

Pd 

46 

1067 

Phosphorus . 

P 

15 

30-98 

Platinum 

Pt 

78 

195-23 

Plutoniifm 

Pu 

94 

239 

Potassium 

K 

19 

39 096 

Praseodymium 

Pr 

59 

140-92 

Protoactinium 

Pa 

91 

231 


CH,—CH-CH, 

N-CH, in-O- 


CO C 


II t OH 


< II t C 
.H. 


Colourless crystals, M.P. 118°, soluble in 
300 parts of water and in 3 parts of alcohol. 
Prepared by racemization of hxjoscyamine 
with dilute alkali. It and its salts arc 
used to dilate the pupil of the eye. Given 
internally they reduce the secretion of 
saliva and relieve spasmodic pains. 

Attrition mill . Sec Disc grinder. 

Aucubin, C,,H 14 0„ is the characteristic 
glycoside of the common spotted laurel 
which causes it to go black when injured, 
owing to the hydrolysis of the glucoside 
followed by oxidation of the aglucone. It 
is prepared from the ripe berries of Aucuba 
japonica, and is present in many other 
plants which blacken in a similar manner. 
The constitution is unknown. 

Augite, MgO, AljO,, SiO a . It usually 
contains some calcium and iron, and in 
some samples the alumina is wholly replaced 
by iron oxide. It occurs as greenish-black 
monoclinic crystals, sp. gr. 3-2-3-5. Hard¬ 
ness 5-6. Refractive index, max. 1-723, 
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min. 1 098. M.P. U45M150*. It is mod¬ 
erately magnetic. It often occurs in clays, 
though in very small proportions. It is 
one of the pyroxene minerals. 

Auramine, C 17 H n N„ HC1. 


(CH,),N< >-C-< >N(CH.). 

NH • HC1 


This crystallizes in yellow scales from water. 
M.P. 267°. It is sparingly soluble in cold 
water, more soluble in alcohol. The free 
base crystallizes from alcohol in colourless 
plates, M.P. 130°. 

It is prepared by condensing dimethyl- 
aniline, formaldehyde, and zinc chloride 
together to give a diphenylmethane deriva¬ 
tive, which is melted with sulphur and am¬ 
monium chloride at 140°-175° in a stream 
of ammonia. The sulphur behaves as an 
oxidizing agent. 

It is used as a dye for animal fibres or 
cotton mordanted with tannin. It gives 
very bright yellow shades. It is used as 
an antiseptic. 

Auric and aurous. See Gold. 

Aurine or Rosolic acid. It 
was prepared by Rungc in . ‘ 4 
1834, and is the prototype of c—C-H.OH 
all the Aurine dyestuffs, which 
are derivatives of tri-p- C,H 4 =0 

hydroxytriphcnylmcthanc. It 

is a yellow dyestuff, and is manufactured by 
the action of sulphuric acid on a mixture of 
oxalic acid and phenol. It is no longer used 
for dyeing textiles, but its lakes are used for 
staining paper, and it is also used os an in¬ 
dicator in alkalimetry. 

Austenite. A solid solution of iron 
carbide in y-iron. The maximum percent¬ 
age of carbon is 1 * 8 . 

Auto-catalysis. In some reactions one 
of the products catalyses the further de¬ 
composition of the reactants. This pheno¬ 
menon is known as auto-catalysis. 

Autolysator. This is an automatic CO, 
recorder in which the CO, absorbent is 
placed between two Venturi meters in 
series, the pressure is kept constant by 
means of a regulating valve, and any CO, 
absorbed will therefore affect the first 
Venturi meter which can be calibrated to 
read directly the CO, content of the gas. 

Autolysis. A term meaning self-destruc¬ 
tion applied to the disintegrative changes 
that occur in living systems after death 
other than those due to external agents such 
as bacteria. These changes arc due to the 
action of the cellular enzymes on the cell 
itself, an action that either does not occur 
in the living cell, or is compensated by other 


mechanisms, tending to build up the cell 
structure. 

Autoxidation. An oxidation reaction 
which proceeds only when another oxidation 
reaction is occurring simultaneously in the 
same system. Such reactions arc normally 
confined to solutions. An example is the 
oxidation of oil of turpentine by atmospheric 
oxygen. When this reaction is taking place, 
it is possible to obtain simultaneous oxida¬ 
tion of potassium iodide to iodine, or of 
arsenious acid to arsenic acid. The turpen¬ 
tine is called the autoridalor, and the iodide, 
arsenious acid, etc., the acceptor. 

Auxin. The auxins arc plant hormones 
which promote the apical growth of plant 
shoots and have a number of other effects 
on the growth of plants, including yeasts 
and fungi. Auxin-a is believed to be the 
hormone actually present in the plant. It 
also occurs in urine and in various animal 
organs. It has been obtained crystalline, 

M.P. 190°, and has the formula C„H, t O,. 

CH, 

CH, CH, CH—CH—C—CH—CH, • CH CH COOl 

OH OH Ah 


4 

CH,CH,CH-CH- 


CII 


Ah, 


Auxin-b has similar properties. It has been 
obtained from malt and from com germ oil. 

It melts at 183® and has the formula C„H M 0 4 . 

CH, 

CH, CH, • Ah-CII-C-CH • CH, • CO CH, • COOI 


dH, 

CH,-CH,-CH^tH- 


Ah 


:ii 


A. 


:h. 

In addition, another substance with the 
properties of the auxins has been obtained 
from urine and from Rliizopus cultures. It 
is called “ heteroauxin,” and is 3-indolyl- 
acetic acid, C l0 H,O,N. 




CH, • COOH 




It crystallizes in plates, M.P. 164°-165°, and 
is lavorotatory, [a]J,° — 3-8°, in alcohol. 
Many derivatives of heteroauxin are also 
active in promoting plant grow'th, and it is 
probable that the action is associated with 
the structure and not with any particular 
substance. Auxin activity is measured by 


Azobenzene 


Avertin 

. torminioe the deflection produced when 
^ Sst/nce is applied asynunetncaUy 
Jo decapitated Avena coleoptiles. ^ 

* plant Growth Substances, by Niool. 

Avertin is a trade name for tnbromo- 
ethyl alcohol, 

CBr, • CHjOH. 

CH, CH, 

V OH 

^4cH : CHC:CHCII = CHC:' 

L, 1< oh u 

_ 

UcmtalHzes in colourless needles or prisms. 
Ml* 80° B.P. 92°-93°/10 mm. Spanngly 
soluble in water. Soluble in alcohol or 
benzene. Manufactured by the reduction 
of bromal with aluminium ethoxidc. This 
substance dissolved in amylcnc hydrate 
and then diluted with water is injected into 
the rectum for the production of anaesthesia. 

It is non-irritant, and can be given safely 
to children. It has also been used with 
success in childbirth. It is easily decom¬ 
posed with formation of free acid and other 
decomposition products, and it is essential 
that it should be tested for free acid im¬ 
mediately before use. _ _ 

Aviation petrol. A light petrol with a 
boiling range of the order of 35° to 150 C., 
70 % distilling below 100 °, and having good 
anti-knock properties. 

Avogadro, Amedeo (1776-1850), professor 
of physics at Turin, explained certain 
chemical actions by assuming that equal 
volumes of gases, whether elementary or 
compound, under the same conditions con¬ 
tain the same number of molecules. The 
law is not strictly true, except at very 
low pressures, or for perfect gases. 

Avogadro’s number. If a gas has a 
molecular weight of M, then M grams of the 
gas will occupy a volume of 22-412 litres, 
and will contain 6 023 X 10« molecules. 
This number is called Avogadro's number, 
and is denoted by N. It has been deter¬ 
mined by many methods, including measure¬ 
ments of Brownian movement, radiant heat, 
electronic charge, and counting of a-par- 
ticles. 

Axial ratios. The ratios of the cell di¬ 
mensions (a, 6, and c) in the crystal referred 
to b as unity. In the triclinic, monoclinic, 
and orthorhombic systems, in which the 
axes are all unequal, the axial ratios are 
therefore quoted in the form a/6 :1 : c/6. In 


the hexagonal and tetragonal systems there 
are two equal axes (a = 6) and only c :« 
required. Finally in the rhombohedral and 
cubic systems the three axes arc of equa 
length.* See Crystal structure and Crystal 

' y Axis oi symmetry. See Crystal symmetry. 

Azafrin, C l7 II„O t . 


CH • CH : CH CH : C CH : CII COOH 


The pigment of Azafranillo root. It 
crystallizes in orange-red prisms, M.P. 
212'. [«]& - 75-5- in alcohol. 

Azelaic acid, Lepargylic acid, 

HOOC. [CH.bCOOH, crystallizes in colour¬ 
less plates, M.P. 106°. Slightly soluble in 
water and ether; readily soluble in alcohol. 
Prepared by the oxidation of ricinolnc or 
oleic acids with potassium permanganate. 
Distillation of its salts gives cyclic ketones. 

Azeotropic mixtures. Mixtures of liquids 
which when distilled reach a stage at which 
the composition of the vapour is the same 
as that of the liquid. . , UNT 

Azide. A salt of hydrazoic acid, HN,. 
This acid ionizes to give the N,- ion, and 
will dissolve certain metals (e.g. Fe, Zn, Cu, 
and Al) with formation of the metallic 
azides. The azides of the heavy metals 
(e.g. lead azide, Pb(N,),) arc dangerously 
explosive. Sodium azide, NaN„ is a 
relatively stable compound. It is prepared 
by the action of nitrous oxide on sodamnlc, 
NaNH|. heated to 190°. Azides of the 
alkali and alkaline earth metals lose nitrogen 
when heated to 100°-350’, leaving the free 
metal. X-ray data indicate that the azide 
radical is linear. 

Azobenzene, C U H, 0 N,. 

<I>- N “ N <Z> 

Orange-red crystals, M.P. 08°, B.P. 295°. 
Insoluble in water, soluble in alcohol and 
ether. Reduces to hvdrazobenzcnc and 
benzidine. Sulphonatcd by fuming sul¬ 
phuric acid to the 4-monosulphonic acid. 
Also nitrates and brominates in the 4-posi¬ 
tion. Prepared by the partial reduction of 
nitrobenzene or by oxidation of hydrazo- 
benzene. 

It is the simplest compound containing 
the chromophorc —N=X— grouping, but 
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it is of no practical importance, as it lacks 
affinity for the fibre. 

Azo-compounds. A large group of in¬ 
tensely coloured compounds which contain 
the grouping — N = N— attached to two 
aromatic nuclei. The colour is commonly 
attributed to the presence of the — N=N — 
group which is therefore called a “ chromo- 
phore” group. If the aromatic nuclei of 
the azo-compound contain salt-forming 
groups, called 44 auxochroines,” the com¬ 
pound will also be a dyestuff, and will have 
some affinity for animal or vegetable fibres. 

Azo-compounds can be obtained by reduc¬ 
tion of nitro-compounds (see azobenzene), 
or by oxidation of hydrazo-compounds, 
They are usually prepared, however, by 
reacting a phenol or amine with a diazonium 
salt. The coupling usually takes place in 
the position para to the hydroxyl or amino 
group, but if this position is occupied it 
goes to the ortho position, e.g. 


The azo-compounds arc usually very stable, 
and can be directly chlorinated, nitrated, 
and sulphonatcd. On vigorous reduction 
the molecule splits at the azo group to give 
two molecules of primary amines, e.g. 


< ( ) —N-N— 


NH, Nil, 

/\ 



V, 


Azo-dyes. The azo-dyestuffs, possessing 
the chromophoric group —N = N—, arc the 
most important class of colouring matters. 

The azo-compounds arc almost invariably 
prepared by the interaction of a diazo-salt 
(first component) with an aromatic hydroxy- 
compound or amine (secondary component). 

If the second component is a phenol 
(naphthol) the aqueous solution of the salt 
(hydrochloride) of the primary amine is 
first treated with sodium nitrite and hydro¬ 
chloric acid in the presence of ice, whereby 
a diazo-salt is formed. The solution of this 
salt is then 44 coupled ** with the phenol by 
allowing the solution of the former to run 
gradually into an alkaline solution of the 
latter. 

After mixing the diazo-compound with 
the phenol, the whole is left for the reaction 
to attain completion. The dyestuff settles 
down as a sparingly soluble alkali-compound, 
or it remains in solution and can be re¬ 
covered as a salt by precipitation with 


sodium chloride, or in the free state by 
the addition of aeid. 

If the second component is an amine, the 
principle of the method is the same, except 
that the combination of the diazo-salt with 
the dissolved amine is brought about in 
neutral or faintly acid solution. 

When the second component contains 
both a hydroxyl and an amino group coupling 
occurs according to the medium (in acid or 
in alkali) in the positions indicated by the 
arrows: 




Coupling of dl hydroxy-compounds is 
often carried out in weak acid solution in 
order to avoid the formation of a diazo- 
compound. 

The formation of azo-com¬ 
pounds is usually quantitative. 
The stability of the diazo-salt* 
varies considerably. 

The majority of the azo- 
dyestuffs used technically arc 
sodium salts of sulphonic acids and are 
soluble in water. They arc used as acid 
dyes, dyeing animal fibres (wool). Their 
affinity for cotton is low, but increases with 
the number of auxochroines and particu¬ 
larly with the number of azo groups. 
Certain groups (symmetrical tetrazotized 
diamines or 44 J-acid," or various hetero¬ 
cyclic groups, etc.) cause an enormous in¬ 
crease in the affinity of the dye for cotton 
(direct or substantive cotton dye). 

Colours containing phenol, salicylic acid, 
or a-naphthol groups are not fast to alkali; 
alkylation of the phenolic group increases 
the fastness ; a-naphthol dyes with an ortho- 
azo group are fast to alkali. By increasing 
the number of azo groups in acid wool dyes 
the fastness to washing rises. The azo-dyes 
are not very fast to light, the more complex 
the dyes, the less the fastness. 

Pyrazolone and nitro- or sulphonic groups 
are beneficial. The tetrazo colours used as 
direct cotton dyes generally arc inferior to 
the simple monoazo colours. 

The azo-dyestuffs can be divided into 
four chief classes: 

(1) Monoazo dyestuffs. 

(a) Amino azo compounds (Chrysoidine, 

Amino-, azo-benzene, etc.). 

( b ) Oxyazo-compounds (Ponceaux Fast 

Red A, etc.). 

(2) Disazo dyestuffs. 

(a) Primary (Naphtol Blue Black* 

Resorcin Brown, etc.). 
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(b) Secondary (Biebrich Scarlet, Dia¬ 

mond Black F, etc.). 

(c) Dyes from tetrazo salts with two 

similar or different molecules of 
an amine or phenol. 

(3) Dyes from trisazo-dyestuffs (Diamine 
Green G, and B, Congo Brown, etc.). 

(4) Tctrakisazo-dyestuffs (Benzo Brown 
G, etc.). 

Azoimides, Azimino compounds. A type 
of compound obtained on treating an o-ary- 
lenediamine with nitrous acid. In this case 
it is impossible to obtain normal diazo com¬ 
pounds, e.g. o-phenylenediamine gives azo- 
irainobenzene, 



HNO, 


rY\ 

\A/ 


Azolitmin. See Litmus. 

Azomethines. See SchifTs Bases. 

Azophenols. These arc compounds ob¬ 
tained by coupling a diazo salt with a 
phenol, e.g. benzcne-diazoniuin salt and 
phenol give p-hydroxy-azo-benzene, orange 
yellow needles, M.P. 148’. 

—x=x— y ou 

Azurite. See Copper. 


Babbitt metal. See Tin alloys. 

Bacon, Roger (12147-1294?). Bacon was 
born near Ilchcster, Somerset, and studied 
theology and science at Oxford and Paris. 
Though believing in the philosopher’s stone 
and other alchemical doctrines, he laid stress 
on the value of experimental research, and 
his name is associated with the early history 
of gunpowder, which he described in a 
letter to the Archbishop of Paris, 1205. 
His enlightened views brought him into 
sharp conflict with the Franciscan Order to 
which he belonged. 

Baddeleyite. A mineral consisting essen¬ 
tially of zirconia (ZrO,) and zircon (ZrSi0 4 ) 
which occurs in the Caldas region, Brazil, in 
the form of pebbles, massive ore, and glassy 
fragments. The richest part of the deposit 
is jet black and almost pure zirconia, 
sp. gr. 5-7. Hardness 6-7. Thermal and 
electrical conductivity both low. It is 
used as a refractory material. 

Baekeland, Leo Hendrik (1803-1944). Bom 
and educated in Ghent, Belgium, Baekeland 
went to the United States in 1889, where he 
founded a company for the manufacture of 
photographic paper and materials. In 1906 
he undertook a new line of research which 
culminated in the production of “ bakclitc,” 
a phenolic condensation product with which 
his name is associated. 

Baeyer, Johann Friedrich Wilhelm Adolf 
von (1835-1917). Bom in Berlin, von 
Baeyer studied chemistry under Bunsen and 
Kekull. In 1800 he returned to Berlin, 
where he taught organic chemistry at the 
Technical Institute. In 1872 he was ap¬ 
pointed professor of chemistry at Strasburg, 
and in 1875 at Munich. A brilliant chemist 
whose work lay chiefly in the field of syn¬ 
thetic chemistry, he was awarded the Davy 
Medal in 1881 by the Royal Society of 


London for his researches upon indigo. 
See Nature, 100, 1917, p. 188. 

Baffle chamber. A type of plant used 
for the removal from air or gases of sus¬ 
pended solids or liquids. Consists of a 
chamber in which is arranged a scries of 
baffles such that the direction of flow of the 
gas stream is constantly being changed. 
In this way suspended matter of higher 
density than the gas tends to separate from 
the gas stream through inertial forces. 

Bag filter. This type of filter is employed 
where it is desirable to remove suspended 
solids from air or a gas almost completely. 
It consists essentially of a casing in which 
arc suspended a number of cylindrical fabric 
bags. Air is passed outwards through these 
bags, any dust collecting on the inner 
surface. By means of a suitable mechanism 
the air supply is periodically cut off and 
the bags tapped or shaken to remove the 
collected solids. The air may be passed 
through this system either by blowing or 
by keeping the space around the filter bags 
at a reduced pressure, according to the 
conditions under which it is to be used. 

A type of bag filter which is widely 
employed in flour mills to eliminate explosive 
dusts is the Perfection Dust Collector. In 
this plant a number of sets of bags arc 
mounted under tension on spring frame¬ 
works, and are arranged radially round a 
slowly rotating hollow drum. The whole 
is surrounded by a casing. Air enters 
through the hollow drum and passes through 
all the bags in parallel except that set 
which is momentarily at the top of the 
revolution. The air supply is temporarily 
cut off from this set, the framework tapped, 
and the solids discharged on to a screw con¬ 
veyor which passes through the hollow drum 
but which is separated from the air feed. 
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Baicalin, C t ,H ia O lt , is of interest as one 
of the two known glycosides of glucuronic 
acid. The aglucone is 5 : 6 : 7-trihydroxy 
flavone. It has M.P. 223°, [a] D — 144 9°. 
It is present in the roots of Scutellaria 
baiealensis, the leaves of which plant 
contain 4'-hydroxy baicalin, known as 
scutcllarin. 

Bakelite. A brand name for phcnol- 
ormaldehyde plastics and resins which has 
a wide general use. 

Bakelite A (or rcsol) is the thermo¬ 
plastic, soluble stage of a one-stage phenol- 
formaldehyde resin which is fluid when hot. 
Bakelite B (or rcsitol) is the thermoplastic 
insoluble stage of a one-stage phenol 
formaldehyde resin which is a gel when hot. 
Bakelite C (or resit) is the fully thermoset, 
insoluble onc-stage phenol-formaldehyde 
resin. 

Baker, Herbert Brereton (1802-1935). Son 
of a Lancashire clergyman, Baker was 
educated at Blackburn, Manchester Gram¬ 
mar School, and Balliol College, Oxford, 
where he became private assistant to 
H. B. Dixon. In 1884, sis chemistry master 
at Dulwich College, he carried out his work 
on the effect of intensive drying on chemical 
reactions. He was elected F.R.S. in 1902 
and, a year later, was appointed Dr. Lee's 
Header in Chemistry sit Christ Church, 
Oxford. In 1912 he became Director of 
the Chemistry Department, Imperial College 
of Science and Technology, London. See 
J. Chan. Soc., 1935, p. 1893. 

Baking powders arc any powders used in 
baking as substitutes for yeast, and depend 
for their action on the slow evolution of 
carbon dioxide. They consist of an acid 
and sodium bicarbonate, and usually 
include inert matter such as flour in addi¬ 
tion. The acid in the best baking powders 
is tartaric acid, cither in the form of the 
free acid or as cream of tartar. Other salts 
used arc calcium dihydrogen phosphate and 
sodium pyrophosphate. 

BAL (British Anti-Lewisite), dithiogly- 
ccrol C 3 H 8 OS r Usually obtained as an oil, 
CII SH B.P.95 o /10 mm.,M.P. 77°, by the 
I 1 treatment of 2 3-dibromopropanol 

CHSH with an alcoholic solution of 

I sodium hydrosulphidc. Dc- 

CHjOH vdoped as an antidote to poison¬ 

ing by organic arscnicals by external appli¬ 
cation, it has since been found to be of use 
in poisoning by other heavy metals, for in¬ 
stance mercury, copper, zinc and cadmium. 
It acts by forming a ring complex with the 
metal and so removing it from the system. 
BAL-Intrav is a solution of the O-glucoside, 
used for intravenous injection. 


Balard, Antoine J6rome (1802-1870), was 
professor of chemistry at the Sosbonnc, 
Paris, and afterwards at the College dc 
France; he discovered the element bromine 

in 1820 . 

B&lata. This rubber-like material is 
obtained from the latex of Mimusops 
batata, which occurs principally in Guiana, 
Peru, Venezuela, Trinidad, and Brazil. 
The tree is tapped, the outer bark being 
removed previously. The balata hydro¬ 
carbon is isomeric with the rubber hydro¬ 
carbon (see Caoutchouc) but appears to 
differ structurally. Balata is tough and 
resistant to water, and is used in the manu¬ 
facture of machine belting, cables, and golf 
ball covers. It softens in hot water, and 
cannot be vulcanized in the sense of the 
term applied to rubber, as no marked 
change in physical properties occurs, but 
the balata hydrocarbon can be combined 
with sulphur. 

Balling scale. There are two Balling 
hydrometer scales. In the sugar industry 
a Balling degree is the same as a Brix degree. 
The other Balling scale is connected to 
specific gravity by the equation 


S.G. at 17-5° = 


200 

200 ± n 


the value of n being positive or negative ns 
the solution is lighter or heavier than water. 

Ball mill . In theory the ball mill consists 
of a slowly rotating cylindrical container, 
inside which, in addition to the material to 
be disintegrated, is a quantity of pottery, 
or steel balls, pebbles, or other suitable 
grinding media. The mill may be adapted 
for continuous working in a closed circuit 
grinding system by introducing the feed 
through a hollow trunnion at one end and 
removing the product in a similar manner 
from the other end. 

An improvement in efficiency is effected 
in the Hardingc mill by gradually reducing 
the diameter towards the outlet, so that 
the smaller balls or pebbles tend to segregate 
at this end and carry out the finest grinding. 

The tube or rod mill operates on exactly 
the same principle as the ball mill, the only 
difference being that the balls or pebbles 
arc replaced by rods or tubes arranged 
longitudinally along the axis of the mill. 

Ball-Norton separator. See Magnetic 
separators. 

Balmer series. In 1885 Balmer observed 
that the wave-lengths (or frequencies) of 
certain lines in the spectrum of hydrogen 
were simply related to each other, and 
could be expressed by a general formula. 
The group of lines is termed the Balmer 
Series. Other series were later discovered 
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Balsam 

in the spectrum of hydrogen by Lyman, 
Paschen, and Brackett. 

AH these scries may be expressed by the 

equation 

„ „ 100678-8/n» - 109678-8/m*. 

wherein * is the wave-number, and n and 
m are integers which can only have certain 
definite values for each senes Thus in 
the Lyman Scries, n = 1. whdst each line 
is expressed by letting m * 2, 3, 4, etc. In 
the Balmer Series, n = 2 ; in the P^chcn 
Series, n = 3 ; and in the Brackett Senes, 

” Balsam of Peru is a nearly black oily 
linuid obtained from the trunk of Myroxylon 
Pereira, a tree growing in Central America 
It has an aromatic odour, and consists of 
resinous matter and a balsamic ester [mown 
as “ cinnamein," consisting chiefly of benzyl 
benzoate and cinnamate. It is used extern¬ 
ally as an antiseptic and parasiticide in skin 
diseases, usually in the form of an ointment 
or diluted with castor oil. 

Balsam ol tolu is obtained from the trunk 
' of Myroxylon toluifera, a tree growing in 
New Granada. It is a brown, translucent, 
semi-solid with a characteristic aromatic 
odour and taste and contains up to about 
50 % of balsamic acids and esters. It is 
administered as an antiseptic expectorant 
in coughs, cither as the tincture, which 
contains practically the whole of the bal¬ 
sam dissolved in alcohol, or as the syrup 
which is prepared from the water-soluble 
portion of the balsam only. 

Baly. Edward Charles Cyril (1871-1948). 
Baly was educated at Temple Grove School, 
Aldenham, and University College, London. 
He was assistant professor of chemistry and 
lecturer in spectroscopy at University 
College from 1903 till 1910, when he was 
appointed Grant professor of inorganic 
chemistry, University of Liverpool. He 
was elected F.R.S. in 1909, and created 
C.B.E. in 1918. 

Bancroft, Wilder Dwight (1867- ). 

Bom at Middletown, U.S.A., Bancroft 
studied at Harvard, Strasburg, Leipzig, 
and Berlin. In 1895 he was appointed 
assistant professor of physical chemistry 
at Cornell University, and since 1903 has 
occupied the chair. Since 1896 he has been 
editor of the Journal of Physical Chemistry. 
He is the author of many original papers 
and books on physical chemistry. 

Band spectrum. The absorption of energy 
by a molecule may lead to the transition of 
an electron from an orbit of lower to one 
of higher energy (see Line spectrum), but 
in addition, there may be an increase in 
the energy of rotation of the molecule as a 
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whole, and in the energy of vibration of 
the constituent atoms relative to each other. 
The simultaneous occurrence of these 
changes multiplies considerably the number 
of possible energy changes. The resulting 
spectrum is correspondingly complicated, 
and consists of numerous very closely 
spaced lines. In general, the frequency of 
a line is determined by the algebraic sum 
of the energy changes involved. An 
electron transition is associated with so 
much more energy than vibrational and 
rotational changes, that it determines the 
general position of the line in the spectrum. 
The spectrum thus consists of well-defined 
groups or bands, of closely packed lines. 
Such a spectrum, characteristic of a mole¬ 
cule, is termed a band spectrum. 

Banting, Frederick Grant (1891-1941). 
Bom at Alliston, Ontario, Banting was edu¬ 
cated at the Public and High Schools there, 
and graduated in medicine at Toronto Uni¬ 
versity. After holding various junior ap¬ 
pointments, he became professor of medical 
research at Toronto in 1923. His name is 
coupled with the brilliant work on insulin. 
His honours included M.C. (1915), the Nobel 
Prize (1923), K.B.E. (1934), and F.R.S. 
(1935). 

Baptism, C M H M O l4 , a complex glycoside 
present in the roots of Uaptisia tinctoria, 
is made up of glucose, rhainnosc, and 7- 
hydroxy - 3': 4' - methylene - dioxyiso- 
flavone. It has M.P. 24-1°; (a] D — 61-7°. 

Barbaloin, C M H w O, (C^IIuO, ?), is re¬ 
markable as a glycoside of D-arabinosc; 
the structure of its agluconc termed 
alormodin anthrunol has not been com¬ 
pletely determined; it is a hydroxy- 
anthraquinone. It is the active principle 
of aloes which also contain isobarbaloin. 

Barbitone, Diethylmalonylurea, 
C,H, 1 0,N,. White crystals, M.P. 191°. 




C*H 
C 


Almost insoluble in cold water; soluble in 
alcohol, ether, and alkalis. It is taken in 
tablet form for insomnia, but it does not 
relieve pain. The sodium salt known us 
“ soluble barbitone ” is readily soluble in 
water and is used when the drug is given in 
solution. 

Barbiturates, Barbituric acids. An im¬ 
portant group of hypnotic and sedative 
drugs derived from barbituric acid by 
replacement of the hydrogen atoms on C 5 
by alkyl or aryl groups. They are colour¬ 
less, crystalline solids, having a slightly 
bitter taste. Sparingly soluble in cold 
water ; soluble in alcohol and chloroform. 
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They form soluble sodium salts. Manu¬ 
factured by heating the appropriate di- 
ulkylmulonic ester with urea and sodium 
cthoxidc. See Amytal, Allobarbitonc, and 
Barbitonc. 

Barbituric acid, Malonylurea, C 4 H 4 0,N„ 

CO-NH 

/• »\ 

CH.6 2CO 

\4 3/ 

CO-NH 

crystallizes in colourless prisms containing 
2H,0, M.P. 253° (anhydrous; with de¬ 
composition). Soluble in hot water. Pre¬ 
pared by heating malonic ester with urea 
and sodium cthoxidc, or by heating allox¬ 
antin with sulphuric acid. It is a dibasic 
acid. Decomposed to malonic acid and 
urea by boiling alkalis. Forms violuric 
acid when treated with sodium nitrite. 
Reacts with nitric acid, bromine, and acyl 
halides. 

Barger, George (1878-1030). Barger re¬ 
ceived his early education in Holland before 
proceeding to University College, London, 
and King's College, Cambridge. After a 
period ns research chemist, he was, in 1000 , 
appointed head of the Chemical Department, 
Goldsmiths' College. In 1013 he was ap¬ 
pointed professor of chemistry, Royal 
Hollowny College, University of London, 
in 1010 professor of chemistry in relation to 
medicine at University of Edinburgh, and 
in 1037 to a similar appointment at Glasgow. 
His research work covers a wide field; with 
Harington he synthesized thyroxin. He 
was elected F.R.S. in 1010. 

Barium, Bn. At. no. 56, At. wt. 137-86. 
Cascariolo (1602) observed that barytes 
(BaS0 4 ) on ignition with charcoal, gave a 
residue that was phosphorescent after ex¬ 
posure to light and Schcclc (1774) concluded 
that the mineral was the sulphate of an 
earth, baryta, this latter being the oxide 
of a metal, barium. 

Occurs chiefly as the sulphate, heavy spar 
or barytes, BaS0 4 , and to some extent as 
the carbonate, witherite, or as alstonitc, a 
mixed carbonate of calcium and barium. 

The metal is now generally obtained 
either by the electrolysis of the fused 
chloride, using a cooled cathode which is 
withdrawn slowly as the deposit of metal 
“ grows.” or by reduction with ferrosilicon 
in an electric furnace. The metal may be 
readily distilled in vacuum, is silver-white 
in colour, soft, and oxidizes spontaneously 
in air. It is used as a getter, and as an alloy 
constituent in bearing metals. Metallic 
barium has a body-centred cubic structure, 
a - 5 01 A. 


Barium carbonate, BaCO,. Readily pre¬ 
cipitated by addition of alkali carbonute to 
a barium salt solution ; it also occurs native, 
both alone and also in double carl>onate8, 
e.g. CaCO,. BaCO,. On heating it is 
decomposed reversibly ; this reaction is an 
example of heterogeneous equilibrium. 

BaCO, <f* BaO + CO,. 

Barium chloride, BaCI,. This is pre¬ 
pared by dissolving the native carbonates 
in hydrochloric acid, removing the iron by 
precipitation as ferric hydroxide, and 
evaporating the filtered liquid, when crystals 
of BaCI,. 211,0 separate. It is used for 
the preparation of metallic barium by the 
electrolytic method. 

Barium chromate, BaCrO,. A yellow 
solid, precipitated by the addition of a 
soluble chromate to a solution of a barium 
salt. Its solubility in water at 18* is 
0 0038 gram per litre. It is insoluble in 
acetic acid but soluble in mineral acid. 
The former fact is used in separating 
barium from calcium and strontium in 
qualitative analysis. It is used ns a 
pigment. 

Barium dithionate, BaS,O t . A white 
crystalline solid, the most stable salt of 
dithionic acid. 

Barium hydroxide. Baryta, Ba(OII),. A 
white solid which is formed by decom¬ 
posing barium monoxide with water, or by 
the action of sodium hydroxide on soluble 
barium salts. It forms hydrates with 8, 
3, and 1 molecules of water of crystalliza¬ 
tion, the octahydrate crystallizing os a 
rule from hot aqueous solutions os mono¬ 
clinic prisms (a : b i c =■ 0-9900 : 1 : 1-2779 ; 
fi ■■ 98° 56'). It is sparingly soluble in 
water (3-74 parts per 100 at 20°), and its 
solutions have a strongly alkaline reaction 
and arc used in volumetric analysis. 

Barium nitrate, Ba(NO,),. A colourless 
crystalline solid, M.P. 595°, formed by 
dissolving barium oxide in nitric acid and 
crystallizing, or by double decomposition. 
The salt crystallizes from hot solutions 
in the anhydrous form. A di hydrate and 
a tetrahydrate have also been reported. 
The solubility of the anhydrous salt in 
water is 4-8 % at 0° and 40-1 % at 180°. 

Barium oxides. Barium oxide, BaO, is 
obtained as a white powder, by ignition of 
the nitrate, hydroxide, or carbonate, 

Barium peroxide, BaO,, is obtained by 
heating BaO in dry oxygen at about 550°; 
on strongly heating to 800 ° all the oxygen 
is evolved and BaO remains. This equi¬ 
librium was formerly a method for the 
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commercial preparation of oxygen by the 
Brin Process, 

2BaO + 0,^ 2BaO t . 

Barium sulphate, BaS0 4 . occurs naturally 
and is readily precipitated by the addition 
of sulphuric acid to banum chloride. It is 
a white, very insoluble (2 4 mg^htre) heavy 
nowdcr. The reaction is used for the 
estimation of barium or the sulphate 
radical. In hot concentrated acid an 
acid sulphate, Ba(HS0 4 )„ is formed. 

It is used as a pigment under the name 
permanent white or blanc fixe, but has only 
a poor covering power. Lithopone is made 
bv precipitation of barium sulphate, to¬ 
gether with zinc sulphide. See Lithopone 
and Blanc fixe. 

Barium sulphide, BaS. A white powder, 
crystallized in cubes or octahedra, which is 
formed by reduction of barium sulphate 
with carbon. It is prepared commercially 
by a modification of this method. As 
prepared, it contains heavy metals as 
impurities, and these render the sulphide 
strongly phosphorescent. The colour of 
the phosphorescence depends on the tem¬ 
perature. 

Barker, George Frederic (1835-1910). 
Barker was bom at Charlestown, Massa¬ 
chusetts, and educated at Yale. After 
holding professorships at Wheaton College 
(1801), the Albany Medical College (1802- 
1803), and Pittsburg (1804-1809), he was 
appointed professor of chemistry and toxi¬ 
cology at Yale Medical School, and in 1872 
became professor of physics at the Univer¬ 
sity of Pennsylvania, retiring as emeritus- 
professor in 1900. He was President of 
the American Chemical Society in 1891, 
and wrote the first American textbook to 
give a systematic presentation of modem 
chemistry. 

Barkla, Charles Glover (1877-1944). Edu¬ 
cated at the Universities of Liverpool and 
Cambridge, Barkla was appointed Wheat¬ 
stone professor of physics, King’s College, 
London (1909), and professor of natural 
philosophy, Edinburgh (1913). His in¬ 
vestigations were mainly upon electric waves, 
X-rays, and secondary rays. He was 
elected F.R.S. in 1912, and awarded the 
Nobel Prize for Physics in 1917. See 
Nature, 1944, 154, 790. 

Barometric condenser. An apparatus, 
usually used in conjunction with plant 
operating under vacuum, in which con¬ 
densation is secured by spraying cold 
water so that it comes into intimate contact 
with the vapours. 

Bartlett-Hayward washer. A machine 
designed to produce the intimate contact 


between a gas and a liquid necessary in 
washing, scrubbing, or absorption processes. 
The liquid is contained in a series of pans 
mounted one above the other in a cylindnca 
casing; rotating cones carried on a central 
shaft pick up liquid from these pans and 
spray it through the gas stream, whence it 
drains back into the same pan. The liquid 
overflows from each tray on to the one 
below, the concentrated solution passing 
out at the bottom of the tower and the 
cleaned gas at the top. 

Bartow, Edward (1870- ). Born at 

Glcnham, New York, Bartow was educated 
at Williams College and at the University 
of Gottingen. In 1920 he became professor 
and head of the Department of Chemistry 
and Chemical Engineering at the State 
University of Iowa. He was Director of the 
State Water Survey at Illinois, 1905-1917, 
and chief from 1917 to 1020. A member 
of numerous commissions, he was elected 
President of the American Chemical Society 
for 1030. 

Bart’s Reaction. The formation of an 
aryl arsonic acid by the action of an alkaline 
solution of sodium arsenite on a diazonium 
salt, e.g. 

p . NO,C,H 4 N t Cl + As(ONn), -*• 

p . NO,C 4 II 4 AsO(ONa), + NaCl + N, 
p . nitrophcnylarsonic acid (Na salt). 

The reaction is best carried out in dilute 
aqueous solution with warming and stirring 
until evolution of nitrogen ceases. The 
yield is rarely above 40 to 50 per cent. In 
a few cases, c.g. 2 : 4 dinitroanilinc, the re¬ 
action proceeds best in strongly acid solution. 

Barytes, or Heavy Spar. A common 
mineral consisting of barium sulphate, 
BaS0 4 ; it often forms well-developed 
crystals, which arc orthorhombic and have 
sp. gr. 4-5, hardness, 2-5-3-5. Pure speci¬ 
mens of barytes arc colourless or white, 
but brownish or bluish tints may be intro¬ 
duced by impurities. The mineral is 
used as a source of barium compounds ; 
when finely ground it is used directly in the 
manufacture of paints. 

Base. On the simplest view a base is a 
substance which in aqueous solution reacts 
with an acid to form a salt and water only, 
i.e. is a substance which furnishes hydroxyl 
ions. A more modern definition (Lowry, 
Bronsted), which also applies to non- 
aqueous solutions, states that a base is a 
substance with a tendency to gain protons. 
By this definition, OH' and the anions of 
weak acids, c.g. CH,COO', are bases in 
aqueous solution. 

As an adjective applied to metals base 
represents the opposite of noble, i.e. a 
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base metal would be attacked by mineral 
acids. 

Base exchange resins. Synthetic resins, 
usually of the amino group, which have 
the property of absorbing anions from 
media with which they are in contact. 
They are used in conjunction with acid 
exchange resins for the removal of un¬ 
wanted 6alts and impurities from aqueous 
systems. 

Basic or Tannin dyes. These arc mostly 
the salts of colour bases with hydrochloric 
acid or zinc chloride. Although they are 
substantive to wool and can readily be fixed 
to this fibre, yet they arc, at the present 
duy, almost exclusively used for the dyeing 
of cotton on a tannin mordant. 

Wool takes up the basic dyes without 
the addition of anything to the bath. 

Though the basic dyestuffs arc to a 
certain extent substantive to cotton, they 
arc of little practical importance, because 
the colours obtained are extremely fugitive. 

The material is therefore prepared with 
either tannic acid and tartar emetic or 
with a fatty acid salt of alumina. In either 
case, the colour is produced by heating the 
mordanted cotton in a bath of the dyestuff 
at 60° for one-half to one hour. 

Basic slag, a glassy material or slag 
produced during the manufacture of steel 
by Thomas and Gilchrist’s " basic process,” 
in which the slag has more lime or magnesia 
than is needed to neutralize the acid pro¬ 
perties of the silica, sulphates, and phos¬ 
phates present in the iron ore. Basic slag 
may be regarded as a very impure glass 
composed of a variety of basic silicates. It 
rapidly attacks fireclay bricks and silica 
bricks, so that the furnuces in which basic 
slag is produced must be lined with basic 
bricks, i.e. bricks made of magnesia or, 
possibly, of dolomite. It is used for making 
slag bricks, a cheap form of building brick, 
slag wool, a convenient filling and heat- 
insulating material, and (after treatment) 
as an artificial fertilizer. For the last- 
named purpose, the chief reliance is placed 
on the very small proportion of phosphate 
which is soluble in citric acid and on the 
small proportion of free lime present. 

Batyl alcohol, C tl H 44 0,. 

CH, • [CH 2 ) it • O • CH t CHOH • CHjOH. 

Colourless crystals, M.P. 70*-71°. A con¬ 
stituent of shark oil and fish liver oils. 
Baum washer. See Jigs. 

Bauml, Antoine (1728-1804). Born at 
Senlis, BaumC went to Paris, where he 
became a master apothecary in 1752. He 
published several works on chemistry, was 
professor of chemistry at the College de 


Pharmacic and a member of the Acad^mie des 
Sciences, but is to-day chiefly remembered as 
the inventor of the Baum6 hydrometer. 

Baumd. There are several Baum6 (B6) 
hydrometer scales. To convert the Ra¬ 
tional BaumC scale to specific gravity, the 
144-8 

formula is S.G = ■ - -, for liquids 

144-3 — n 144-3 

heavier than water, and S.G. = 

for liquids lighter than water. The New 
Baum6 scale is calculated on the formula 

S.G. = — 140 7 —. Other modifications are 
140 7 ± n 

used in other countries. In the United 

States, S.G. = -. for liquids heavier 

145 0 - n 140 0 

than water, and S.G. - for 

liquids lighter than water, while the pe¬ 
troleum industry uses the formula 

CO 141-5 . . 

S.G. a ———-. n used above means 

131-5 + n 
degrees Bauml. 

Bauxite, an important granular aluminium 
hydrate, A1,0„ xIIjO, which may either be 
a separate hydrate or a mixture of diaspora 
and hydragillite or gibbsitc. The name is 
derived from Lcs Baux in the south of 
France, where bauxite was first found in 
large quantities. It occurs extensively in 
France, Germany, Rumania, India, Africa, 
and the U.S.A. Some bauxites are rich 
in ferrous hydrate, which renders them 
almost useless, though this material and 
other impurities can be separated by solution 
of the aluminium hydrate in caustic soda. 
Sp. gr. 2-5-2-0, hardness 1-8. Bauxite 
is readily attacked by ncids, but after 
calcination above 900° it forms alumina 
and becomes almost insoluble. Uses: (a) 
as a refractory material, especially for 
bauxite bricks and (with the addition of 
fireclay) for mullite bricks; (6) as a source 
of alumina from which aluminium can be 
readily obtained; and (c) for refining 
petroleum. 

Bayer's acid. See Croccin acid. 

Bayliss, William Maddock (1800-1924). 
Bom at Wolverhampton, Bayliss was 
educated at University College, London, 
and Oxford. Of private means, he returned 
to London in 1888, and for thirty-five years 
worked in the physiological laboratories of 
University College. His researches covered 
a wide field, and include the discovery of 
the hormone “ secretin,” and investiga¬ 
tions on the electromotive phenomena 
associated with the action of the heart and 
the nervous mechanisms controlling the 
activities of the viscera. In 1919 he 
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received the Copley Medal from the Royal 
Society, and was knighted in 1922. 

Beat! ware. A brand name for mouldings 
madefrom Beetle brand urea-formalde¬ 
hyde moulding materials. . 

J Recher Johann Joachim, chemist and 
physician, was born at Spin* in 1635 : 
£ published hi, “ (Edipum Chem.cum 
fn 1663 , and became a teacher of medicine 
at Mainz. He suggested the existence of 
on inflammable principle almost universally 
nresent * this was afterwards developed 
Tnto thi phlogistic theory. Hed.edm 
1082. See “ Encyclopedia Bntannica, 
Art. Becher. . _ 

Bechet. Frederick Mark (1875- ). Bom 
at Montreal, Becket studied at the Umver- 
sities of McGill and Columbia. He has 
pursued an industrial career, and is now 
president of the Union Carbide and Carbon 
Research Laboratories, and vice-president 
of the Electro-Metallurgical and Union 
Carbide Cos., with whom he has been since 
1006. His work on the extraction of the 
rarer metals from their ores, the manufac¬ 
ture of calcium carbide, and the reduction 
of the rarer metals gained him the Perkin 
Medal in 1024. 

Beckmann, Ernst (1853-1023). Originally 
an apothecary, Beckmann took up the study 
of chemistry in 1875, when he went to 
Leipzig to work under Kolbc. Later Jic 
studied under Wisliccnus and Ostwald. In 
1897 he was appointed professor of applied 
chemistry and Director of the Laboratory 
for Applied Chemistry at the University of 
Leipzig. The transformation of a ketoxime 
into an acid amide by means of phosphorus 
pcntachloride is known as the Beckmann 
transformation, while an apparatus for the 
determination of the elevation of the 
boiling-point and a thermometer bear his 
name. 

Beckmann rearrangement. Under the 
influence of certain reagents, ketoximes are 
converted to amides by a process of intra¬ 
molecular rearrangement. The reaction 
was discovered by Beckmann, who found 
that benzophenone oxime was changed to 
benzoylaniline when treated in ice-cold 
solution in ether with phosphorus pcnta¬ 
chloride. 

C e H,—C—C,H s 0=C • C # H, 

ll-OH HN-C.H, 

Other reagents, such as acetyl chloride, 
antimony trichloride, sulphuric acid, or 
hydrochloric acid in acetic acid may produce 
the same effect, but in certain cases they 
give other products. With the oximes of 
cyclic ketones, the rearrangement involves 
an enlargement of the ring by the inclusion 


of the nitrogen atom. The rearrangement 
has been used to determine the structure of 
the isomeric ketoximes, since the different 
isomers were found to give different products 
when rearranged. It was generally assumed 
that the change would involve the group on 
the same side of the double bond as the 
—OH group (cis-change). For example, 
0 -bcnzil monoxime was assumed to be 
C 4 H,—C—COC,lI 4 

HO-I 

because it gave the anilide of benzoyl- 
formic acid 

0=C—COC.H, 

c,h 4 nh 

It has been shown recently that the 
0 -oximc is 

C 4 H r C-CO*C,H s 
N—OH 

and that the rearrangement must, in this 
case at least, involve a trans- change. It 
has been found, in all cases so far examined, 
that the rearrangement is a /rans-effcct and 
not, as was originally assumed, a eis-cffcct. 

Beckmann thermometer. A very sensi¬ 
tive mercury thermometer, used in deter¬ 
mining molecular weight by the freezing- 
point or boiling-point methods. It has a 
small temperature range, but can be used for 
different ranges by transferring mercury to 
the capillary from a bulb used as a reservoir. 

Becquerel, Antoine Henri (1852-1008). 
Bom in Paris, Becquerel was educated at 
the £colc Polytechnique; later he entered 
the Corps dcs Ponts ct Chauss 6 cs and studied 
as an engineer. In 1875 he was appointed 
Demonstrator at the Polytcchnique, where 
he became professor in 1895. I le discovered 
the emission of rays by uranium, and carried 
out important researches on rotatory 
magnetic polarization, phosphorescence and 
radioactivity. In 1889 he was admitted 
into the Academy of Sciences. See Chem. 
Soc. Mem. Led ., 1912. 

Beer's law. This photochemical law 
states that the proportion of light absorbed 
depends on the thickness (d) of the absorb¬ 
ing layer, and on the molecular concentration 
(c) of the absorbing substance in the layer. 
It is an extension of Lambert's law (q.o.), 
and may be written in the form 
I = I 0 e-Kcd f 

where I 0 is the intensity of the incident 
radiation, and I that of the transmitted 
radiation ; and K is a constant, the mo¬ 
lecular absorption coefficient, which is char¬ 
acteristic of the absorbing substance for 
light of a given frequency. The molecular 
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extinction coefficient, ct m , is the thickness in 
centimetres of n layer of a molar solution 
which reduces the intensity of light passing 
through it to one-tenth of its original value. 
It is easily shown that a m = 0 4343 K. 
The law docs not hold for substances 
whose absorption spectra arc affected by 
concentration. 

Beguin, Jean. A native of Lorraine, 
born about the middle of the sixteenth 
century, author of a once well-known text¬ 
book of early chemistry, the “ Tyroeinium 
Chymicum,” first published in 1G10; many 
subsequent editions of it were published. 
He died in 1018 or 1019. See article by 
Patterson, Annals of Science, July, 1937. 

BfShal, Auguste (1859-1941). Blhal was 
born nt Lens and educated in Paris at the 
Sorbonnc and the l£coIc SupCricure de 
Pharmacic, where he bceainc professor of 
toxicology. He later became professor of 
organic chemistry both at the £colc dc 
Pharmacic and in the University of Puris, 
and also chief pharmacist nt the H6pital 
dc la Maternity, Paris. He was President 
of the Academic dc Mtfdccinc in 1924-25, 
and for 1939 was elected to the Presidency 
both of the Academic dcs Sciences and 
the Institut dc France. His papers dealt 
chiefly with camphor and menthol deriva¬ 
tives. See J. Chem. Soc., 1940, 1092. 

Behenic acid, n-Docosanic acid, 

c„h 44 o„ CH, (CH,J w cooh. 

Crystalli7.es in needles, M.P. 81°-82°, spar¬ 
ingly soluble in nlcohol and other. A fatty 
acid occurring in oil of ben. 

Beilby, Sir George Thomas (1850-1924). 
Born in Edinburgh, Beilby was educated at 
the University there. In 1809 he became 
associated with the Onkbank Oil Company, 
and later was appointed a director of the 
Cassel Cyanide Company, the Castncr- 
Kcllncr Alkali Co., and many other im¬ 
portant undertakings. He invented a new 
process for the synthesis of alkali cyanide 
and many of his researches were directed 
towards a more economical use of fuel. He 
was elected F.R.S. in 190G and knighted in 
1910. Sec J. Chem. Soc.. 1925, p. 955. 

Beilby layer. When a metal is polished 
the crystalline surface is converted into a 
thin amorphous skin known as the Beilby 
layer. Beilby’s discovery has recently been 
confirmed by electron diffraction research. 

Beilatein, Friedrich Konrad (1838-1906). 

Bom of German parents at St. Petersburg, 
Bcilstein studied chemistry under Bunsen 
(Heidelberg), Liebig (Munich), Wohler 
(Gottingen), and Wurtz (Paris). In 1860 
he succeeded Mendeltfeff at the Imperial 


Technological Institute at his native city. 
He ultimately gave up all research for the 
production of his famous “ Handbuch,” the 
first edition (two volumes) of which appeared 
during the years 1880 - 82 . The fourth 
edition, published by the German Chemical 
Society before the 1939 war, comprises 
over fifty volumes. 

Beilstein’s Test. A method for detecting 
the presence of halogen in an organic com¬ 
pound. A piece of copper gauze is heated 
in an oxidizing flame until the flame is no 
longer tinged green ; the compound is 
placed on the gauze, which is reheated. 
If halogen is present the flame is tinged 
bright green. The reaction depends on the 
formation of a volatile copper halide. For 
experimental details, sec “ Practical Organic 
Chemistry,” by Mann and Saunders. 

Belladonna, or deadly nightshade. The 
dried root is used for the preparation of the 
liquid extract from which a plaster, liniment, 
ointment, and suppository arc made, while 
the leaves and flowering tops are used for 
making the dry extract, the green extract, 
and the tincture. Essentially the root pre¬ 
parations are for external puq>oscs and the 
leaf preparations for internal use. Bella¬ 
donna owes its medicinal activity largely to 
the alkaloid hyoscyamine which is present in 
all parts of the plant. It is used internally 
as an antispasmodic and to check excessive 
secretion. Externally, it relieves the pain 
of lumbago and neuralgia. 

Bell metal has the composition 80 % 
copper and 20 % tin. It is hard and brittle, 
and extremely sonorous. 

Bence-Jones protein. A protein with 
peculiar properties found in the urine in 
certain diseases of the bone marrow. Its 
probable molecular weight is about 85,000. 
It coagulates at temperatures under 5. r »°, 
and redissolves on boiling. It is precipi¬ 
tated by half saturation with ammonium 
sulphate. 

Bengal fire. See Indian fire. 

Bennett, George Macdonald. (1892- ). 

Bennett was educated at East London 
College and Cambridge University. He 
became Firth professor of chemistry at 
Sheffield in 1931 and professor at King's 
College, London in 1938. In 1945 he was 
appointed Government Chemist. He has 
made contributions both to organic and 
physical chemistry. 

Bentonite. An impure clay mineral con¬ 
sisting, in part, of montmorillonite; it was 
first found at Fort Benton, Wyoming, but 
has since been found over a wide area in 
U.S.A. and Canada. This material swells 
to many times its own volume in the 
presence of water and displays thixotropy 
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,o form an excellent adsor- 
£„t and decolorizing agent much used m 
petroleum refining. Its propert.es m this 
** are similar to those of the 

Bavarian bleaching earths. Bentonite is 
so used .as an emulsifying agent for 
bitumen, as a suspending agent for sol.ds, 
and as a filler for paint and paper. 

Benzal chloride, C,H.CI,. It «• a colour- 
less strongly refracting liquid, 

B. P. 200°, sp. gr. 1 250 at 14. 

Insoluble in water, miscible with 
organic solvents. 

It is prepared by the direct 
chlorination of toluene in the 
absence of metallic catalysts. The chlonna- 
tion is controlled by the increase in weight of 
the mixture. 

It is much used for the preparation of 
bcnzaldehyde. For this purpose it is 
usually heated with slaked lime and water 
under pressure. 

Benzaldehyde, C,H.O. Colourless refrac 
live liquid with almond-like odour. CHO 
Soluble in alcohol and ether, in¬ 
soluble in water, volatile in steam. 

F .p. -13 5°, B.P. 179°-180°, density 

at 14° 1 057. 

It occurs in nature as the glucoside, 
amygdalin, in which it was dtaeovered 
in 1803. It is usually prepared from 
toluene, cither by a direct oxidation cat- 
alytically or clcctrolytically, or through 
the halogen derivatives, benzyl or benzal 
chlorides. Benzal chloride is hydrolysed 
to bcnzaldehyde by heating with milk of 
lime under pressure. 

It is readily oxidized by air to benzoic 
acid. With aqueous caustic potash gives 
benzyl alcohol and benzoic acid. Gives 
addition products with hydrogen cyanide 
and sodium bisulphite. 

Its chief importance is as a source of 
cinnamic acid by condensation with sodium 
acetate and acetic anhydride and as a source 
of triphcnylmethane dyestuffs by condensa¬ 
tion with pyrogallol, dimethylaniline, etc. 
It is also used in the manufacture of per¬ 
fumes as a substitute for the natural oil of 
almonds. 

Benzamide, C,H T ON. Crystallizes in 
colourless plates from water, 

M.P. 130°, B.P. 288°. Soluble 
in alcohol, ether, hot water, 
and hot benzene. Dehydrated 
by phosphorus pentoxide to 
benzonitrile, hydrolysed to 
benzoic acid by dilute acids or alkalis. 
Forms metallic salts, e.g. silver benzamide, 

C, H, • CONHAg. 


CONH, 


Benzene 

Prepared by the action of ammonia on 
benzovl chloride or benzoic ester, or by 
partial saponification of benzonitrile in the 
presence of a little hydrogen peroxide. 

Benzamine hydrochloride, Betacaine 
hydrochloride, 0-Eucaine hydrochloride. 


CH, 


C(CH,)—CH, 


NH 


HO • COC 6 II s , HC1 


-d:H t 


CH, CH 

C u H n O,N, HC1. A white crystalline pow¬ 
der, M.P. about 268°, with decomposition. 
Soluble in 30 parts of water and 35 parts of 
alcohol. It acts as a local anaesthetic, but is 
little used as it is inferior to cocaine and is 
intensely irritating when injected. Benza¬ 
mine lactate is more soluble and hence 
preferable for certain purposes. 

Benzanthrone, C, 7 H, 0 O. 

It cry stallizes in pale yellow 
needles, M.P. 170°. It is 
soluble in alcohol and other 
organic solvents. It gives 
an orange-red solution in 
sulphuric acid. It is pre¬ 
pared by heating unthrone 
or anthranol with glycerol 
and sulphuric acid for a few hours at 120°. 

It is a valuable dyestuffs intermediate. 
When fused with caustic potash, two 
molecules of benzanthrone combine at the 
positions marked • above to give a dibenz- 
anthronc. This is in itself a vat dye, 
Indanthrcne Dark Blue BO, which is also 
used as an intermediate for the preparation 
of the valuable Caledon Jade Green. 

Benzedrine. A trade name for a brand 
of amphetamine. 

Benzene, C,H,. The conventional for¬ 
mula for this compound is 



(«i 


cu 


A H - 

HC CH (2) 

lid! ^H,,, 


but the carbon atoms in the molecule all lie 
in one plane at the angles of a regular 
hexagon; the distance between two ad¬ 
jacent carbon atoms is 1*39 A. The ben¬ 
zene molecule exhibits mesomerism and 
the double bonds in the formula are in 
purely arbitrary positions, and it need 
not be assumed that they actually exist. 
This applies in general to the derivatives of 
benzene. A thin, colourless, highly refrac¬ 
tive liquid. Characteristic smell. Highly 
inflammable, burning with a smoky yellow 
flame. Insoluble in water. A good solvent 
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for fats and lower molecular weight aro¬ 
matic compounds. Miscible with alcohol, 
ether, acetone, and acetic acid. 

Density at 15° 0 884, M.P. 5 49°, B.P. 
802°. Refractive index, n D 15°, 1-5044. 
Shows strong absorption bands in the ultra¬ 
violet range. Water dissolves 0 082 % of 
benzene at 22°, benzene dissolves 0-054 % 
of water at 15°. The vapour is toxic when 
inhaled over long periods. 

Benzene was first isolated by Faraday in 
1825 from the liquid condensed by com¬ 
pressing oil gas. It is the lightest fraction 
obtained from the distillation of the coal- 
tar hydrocarbons, and this is the oldest and 
still the most important source of manufac¬ 
ture. It occurs to a lesser extent in petro¬ 
leum. Commercially it is widely used as 
a solvent and as a starting-point for other 
benzene derivatives, particularly important 
being the dyestuff intermediates. 

Structurally benzene is the simplest com¬ 
pound typifying the aromatic character, i.e. 
comparative stability and lack of unsatura¬ 
tion in contrast to the aliphatic compounds 
of the same empirical formula. It can add 
on up to six halogen atoms, but the only 
widely used reactions arc those of substitu¬ 
tion. 

It is readily sulphonated and nitrated by 
heating with sulphuric acid, or a mixture 
of sulphuric and nitric acids respectively, 
a maximum of three substituting groups 
being symmetrically introduced in the 1, 3, 5 
(meta) positions. Direct halogenation can 
also be brought about, but the halogen 
atoms tend to be orientated in positions 
ortho or para to one another. 

It is identified by conversion into a solid 
dinitro derivative, and by physical proper¬ 
ties. 

Benzene-m-disulphonic acid, SO,H 

C,H,0,S,. This exists in very /\ 
deliquescent crystals, + 2f • H,0. 

It is prepared by sulphonation I I n „ 
of benzene at 225°. It gives 
resorcinol on fusion with caustic potash. 

Benzenesulphonic acid, 0,11,0,5. Large 
colourless plates with 1$H,0 
(from water), M.P. 43°-44°. j*°* H 

Anhydrous acid, M.P. 05°-66°. 
Deliquescent, very soluble in 
water and alcohol, sparingly L J 

soluble in benzene. v 

Prepared by the sulphonation of benzene 
in the liquid state or by passing benzene 
vapour into concentrated sulphuric acid at 
150°-180°. 

Forms water soluble alkali, and alkaline 
earth, metal salts. With phosphorus penta- 
chloridc forms benzene-sulphonyl chloride; 
with potassium cyanide gives benzonitrile. 


Chief use is in preparation of phenol by 
fusion with caustic soda or potash. Further 
sulphonation at 250° gives benzcne-m-disul- 
phonic acid. 

Benzfuran (Coumarone) ring system. The 

system 



numbered as shown. 

Benzidine, C lt H lt N,. 



Leaflets from water, M.P. 127 5°, B.P. 
400°-401°. Slightly soluble (1 %) in hot 
water, less so in cold, readily soluble in 
alcohol. Dibasic, forms readily soluble 
salts with mineral acids. Readily diazotizes. 

Prepared by treating hydrazobcnzcnc 
with hydrochloric acid, intramolecular 
rearrangement taking place. 

Valuable dyestuffs intermediate. Both 
amino groups can be diazotized to give a 
tetrazo-compound which readily couples 
with two molecules of amines or phenols. 
The azo-compounds thus produced have 
good affinity for cotton. 

Benzidine conversion is the name given 
to the intramolecular rearrangement which 
occurs when the hydrazobcnzcncs arc heated 
in acid solution. If both para positions in 
the hydrazobcnzcnc arc free a benzidine 
is produced ; if one or both para positions 
are occupied by other groups then cither 



o-benzidinc o-semidine 



p-semidinc 


an ortho benzidine or ortho or para semidincs 
are formed. 

Benzil, C„H 10 O,. 



It forms yellow, six-sided prisms, M.P. 95°; 
B.P. 346°-348°, with slight decomposition. 
It is insoluble in water, easily soluble in 
alcohol and ether. It Is prepared by the 
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nv.dation of benzoin with nitric acid. It 
Educed to benzoin by acid reducing 
“ its and to hydrobenzom by sodium 

Amalgam. It is nitrated by boiling with 
S nitric acid. It gives four isomcnc 
dioximes known as the a-, 0-, y-, and 
^modifications. The 8- form can be used 
for the estimation of nickel. 

Benzine is a mixture of low-bo,hng 
hydrocarbons of the paraffin series. The 
specification varies in different countries, 
hut the British Pharmaceutical Codex. 
1034. defines it as that fraction of crude 
petroleum distilling below 150° and having 
a specific gravity below 0-750. 

Benzoates. Salts or esters of benzoic 

" Benzocaine. ethyl p - aminobenzoate, 
C t H,,0,N. White crystals ul- COOC.H, 

most insoluble in water, soluble 

in 8 parts of alcohol. M.P. 

«0°-91 # . Prepared from p- I \ 
nitrotolucnc by way of p- 
ominobcnzoic acid. It is used 1 

as a local anaesthetic on mucous surfaces, 
injected for pruritis. and taken internally to 
relieve gastric pain. 

Benzoic acid. C t H,O a . Colourless lus¬ 
trous leaflets, M.P. 121-4°, jj 

B.P. 249°. Readily vola- c 

tile at 100°; hence it is best /\ 

purified by sublimation. IIC C • COOH 
Sparingly soluble in cold, I II 
fairly soluble in hot water. y 1 * 

Soluble in alcohol and 
ether. jj 

It was first described 
in 1608 when it was sublimed out of gum 
benzoin. It also occurs in many other 
natural resins. The “ Benzoyl radical ” 
was investigated by Liebig and Wdhlcr in 
1832. 

It is prepared commercially by the direct 
oxidation of toluene with nitric or chromic 
acids or by a catalytic air oxidation, or 
it may be prepared by hydrolysis of the 
benzo-trichloride, obtained as a by-product 
in the preparation of benzal chloride in 
the benzaldehyde synthesis. Also prepared 
by the partial decarboxylation of phthalic 
acid. 

It gives benzene when heated with soda 
lime. It is very stable towards oxidizing 
agents. 

Benzoic acid is an antiseptic, and is very 
useful as a preservative for fruit juices and 
non-alcoholic wines. It is given medicin¬ 
ally in the form of a lozenge for its expec¬ 
torant properties. The alkali salts, am¬ 
monium, lithium, potassium, and sodium 
benzoates are administered as diuretics and 
urinary antiseptics and are useful in cases 


hA- 


COOH 


of chronic cystitis, urinary calculi, and for 
rheumatism, especially in combination with 
hexamine. 

Benzoin is a balsamic resin obtained from 
Styrax Benzoin, and consists of white tears 
embedded in a brown resinous matrix. It 
contains benzoic and cinnamic acids and 
esters, and is used almost entirely for the 
preparation of friar’s balsam or compound 
tincture of benzoin, which contains the 
alcohol-soluble constituents of benzoin, 
balsam of tolu, styrax, and aloes. Benzoin 
is carminative and mildly expectorant, and 
the compound tincture is applied undiluted 
for dressing small wounds, and is also given 
for sore throats. 

Benzoin, C I4 H„0,. 

* / NcH(OH) • 

V 

It can be resolved into optically active 
forms. The {//-compound has M.P. 137°, 
and the active forms have M.P. 131 °-l32° and 
[«JJ* ± ll7-5°-120-5° in acetone. Slightly 
soluble in boiling water, soluble in hot 
alcohol. 

It is usually prepared by the action of 
sodium cyanide on benzaldehyde in dilute 
alcohol. It is oxidized by nitric acid to 
benzil, and reduced by nascent hydrogen 
to hydrobenzoin. It gives an oxime, 
phcnylhydrazone and acetyl compound 
with the usual reagents. The oximes exist 
in two stcreoisomeric forms known as the 
a- and fi- forms. The a-oxime is used under 
the name “ cupron ” for the estimation of 
copper and molybdenum. 

Benzol or Benzole. See Benzene. 

Benzol fore-runnings. The first fraction 
distilled from crude benzol or light oil is 
called benzol fore-runnings and contains 
mostly low boiling-point constituents, and 
in the case of unwashed products unsatur¬ 
ated hydrocarbons. 

Benzol recovery. Coal gas contains from 
2 to 3| gallons of 90*s benzol per ton of 
coal carbonized, which is recovered by means 
of wash oil process, or by active carbon or 
silica gel. 

The wash oil process is carried out in 
three stages : (1) By washing and scrubbing 
gas with wash oil which absorbs benzene 
and its homologues; (2) Distillation of 
benzolized wash oil yielding a product of 
crude benzol or 65’s benzol; (3) Refining 
the crude benzol by first washing with acid, 
water, and alkali, and distilling to obtain 
commercial products such as 90* s benzol or 
pure benzene, toluene, or xylene. 
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Benzonaphthol, 0 - naphthyl benzoate, 
C,7H„O a . White crystals, almost insol¬ 
uble in water, soluble in alcohol. Pre¬ 
pared from /3-naphthol and benzoyl chloride. 
It is used as an intestinal antiseptic, as 
it passes through the stomach unchanged 
and is hydrolysed in the intestines. 

Benzonitrile, C 7 II 5 N. Colourless refrac¬ 
tive liquid, B.P. 101°. Slightly 

soluble in water, miscible with alco- 
hoi and ether in all proportions. 

Prepared by the dehydration of 
benzamidc. Hydrolysed by dilute 
acids and alkalis to benzoic acid. 

Benzophenone, C„H„0. Colourless 
rhombic prisms, M.P. 

49°, B.P. 300°. Charac¬ 
teristic smell. Insoluble 
in water, soluble in alcohol 
and ether. It also exists 
in a labile modification, 

M.P. 20°. 

Prepared by the action of benzoyl chloride 
upon benzene in the presence of aluminium 
chloride or by the oxidation of diphenyl- 
methane. 

Much used in perfumery. 

Benzopurpurin. A direct cotton dyestuff 
derived from tolidinc. In Benzopurpurin B. 
tolidinc is tetrazotized and coupled with 
two molecules of 0-naphthylamine sulphonic 
acid ; in the 4B. it is coupled with two mole¬ 
cules of naphthionic acid. The 10B. is de¬ 
rived from dianisidinc and naphthionic acid. 

Benzoquinone. See Quinonc. 

Benzotrichloride, C 7 H t CI,. It is a 
refractive colourless liquid, B.I\ 213°- 
214°, sp. gr. 1-380 at 14°. Insoluble 
in water, miscible with organic sol¬ 
vents. 

It is prepared by chlorinating toluene until 
no more chlorine is taken up, though care has 
to be taken to avoid undue nuclear chlorina¬ 
tion. When heated with water at 100°, or 
with milk of lime, benzoic acid is obtained. 

Benzoyl. The name given to the group 

CO— 



Benzoyl chloride, C f H t OCl. rnr , 
It is a colourless liquid, B.P. 

198°, sp. gr. 1-212 at 20°. It I J 
has a pungent smell, and is X/ 
slowly hydrolysed by cold water to give 
benzoic acid. With alcohols benzoic esters 
arc obtained. It is prepared by heating 
benzoic acid with phosphorus penta- 
chloridc or thionyl chloride. It is much 
used as a benzoylating agent in organic 





chemistry. In the Schotten-Baumann 
method the calculated quantities of benzoyl 
chloride, phenol, and caustic alkali arc 
shaken in a stoppered bottle until no more 
benzoyl chloride remains. The benzoyl 
derivative has then separated from the 
solution, and can be filtered off. It is also 
used on the large scale for benzoylating 
aminoanthraquinoncs and other compounds. 

3 : 4-Benzpyrene, CjoH,,. 



Pale yellow crystals, M.P. 177°. A consti¬ 
tuent of coal tar with strong carcinogenic 
properties. 

Benzyl. The name given to the radical 

O h - 

Benzyl alcohol, C,II s O. Colourless liquid, 
B.P. 205 3°. Soluble in alcohol, 
ether, and acetone. Oxidizes to CH,OH 
bcnzaldchydc and benzoic acid. / \ 
Prepared by the hydrolysis of 
benzyl chloride. It is used in 
perfumery in the form of its esters. 

Benzyl benzoate, C i4 Hi,0„ 

White crystals, melting 
at 20°, to a colourless 
oily liquid, which 
readily supercools. 

Insoluble in water. It is used medicinally 
in capsules, in alcohol solution, or as an 
emulsion, to decrease the contractions of 
unstriped muscle in colic, diarrhoea, dysen¬ 
tery, whooping cough and asthma. 

Benzyl Cellulose. A cellulose ether used 
for plastics injection moulding and as a 
base for varnishes and lacquers. It has a 
good low temperature flexibility, is non- 
inflammable, and has a high resistance to 
acids and alkalies. 

Benzyl chloride, C 7 H 7 C1. It is a CH.Cl 
colourless liquid with a character¬ 
istic odour, B.P. 179°, sp. gr. 

1104 at 15°. Insoluble in water, 
miscible with organic solvents. It 
is slowly hydrolysed by boiling water, 
yielding benzyl alcohol. 

It is prepared by the direct chlorination 
of toluene in the presence of a little phos¬ 
phorus pentachloride. It is purified by 
fractionation from the unchanged toluene 
and the higher chlorinated products. It is 
used for bcnzylating amines and for pre¬ 
paring benzyl alcohol. 
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BenZ yl guccmate, C,,H 18 0 4 . 

ch,cooch,c 4 h 4 

CH,COOCH,C 4 H 4 

„ , crystals M.P. 45°-47°. Almost 

SLCble in water, readUy soluble in alcohol 
used for the same purposes os benzyl 

benzol- 

Berberine. C„H„O.N. An alknlo.d ob- 

CH 

diTt • OCH, 
i i-OCH, 

d^Y 

CH f: 1'HOH 

o-/W 

411 I 

V-C C CH, 

tained from Hydrastis canadensis, Berberis 
vulgaris, and other plants. It crystallizes 
from water in yellow needles with six mole¬ 
cules of water. Soluble in water and alcohol. 
Optically inactive. It is relatively inactive 
physiologically, but toxic in large doses. 

Bergius, Friedrich (1884- ). Bom at 

Goldschmicden, near Breslau. Bergius studied 
at the Universities of Breslau. Leipzig, and 
Berlin, and at the technical schools in 
Karlsruhe and Hanover. He founded a 
private research laboratory in Hanover, 
and devoted himself entirely to private 
investigations, chiefly on the influence of 
high pressure on chemical reactions. The 
« Berginization ” of coal is a result of his 
researches. 

3ergman, Tobern Olo! (1735-1784). Bom 
at Katrinebcrg, Sweden, Bergman was 
educated at the University of Upsala. 
In 1767 he was appointed professor of 
chemistry and mineralogy. He performed 
many researches in mineralogical chemistry 
and greatly extended and improved the 
methods of qualitative and quantitative 
analysis. 

Berkeley, Randal Thomas Mowbray 
Rawdon, 8th Earl o! Berkeley (1865-1942). 
Berkeley succeeded to the title in 1888. 
As a scientist he carried out numerous 
researches. With E. G. J. Hartley he 
showed that in concentrated solutions the 
simple laws of osmotic pressure, announced 
by van’t Hoff, are no longer applicable. 
He was elected a Fellow of the Royal 
Society. See J. Chem. Soc., 1948, 503. 


Bernal, John Desmond (1901- ). Bom 

at Nenagh, Ireland. Bernal was educated 
at Stonyhurst College, Bedford School, and 
the University of Cambridge. From 1923 
till 1927 he carried out research at the Davy- 
Faraday Laboratory. In 1927 he was 
appointed lecturer in structural crystallo¬ 
graphy, Cambridge, and in 1937 became 
assistant Director of Research in Crystallo¬ 
graphy and in 1938 succeeded Blackett in 
the chair of physics at Birkbeck College, 
University of London. He is the author of 
numerous books and papers on his subject, 
and was elected F.R.S. in 1937. 

Berthelot, Marcelin Pierre Eugbne (1827- 
1907). Berthelot was bom in the heart of 
old Paris. A brilliant scholar, he completed 
a full medical course before taking up the 
study of chemistry under Pelouzc. He was 
appointed professor of organic chemistry at 
the fccole Sup^rieure de Pharmacic in 1859 
and at the Iscole dc France in 1805. 
Berthelot was the greatest and most 
prolifle chemist of the period. His contri¬ 
butions to chemistry embrace organic nnd 
physical chemistry and the history of 
chemistry and alchemy. Sec Chem. Soc. 
Mem. Lectures, Vol. 2, p. 167. 

Berthollet, Claude Louis, was bom in 
Savoy in 1748, and became physician 
to the Duke of Orleans. He studied 
chemistry, and became director of the 
factory of the Gobelins. lie was in sub¬ 
stantial agreement with the views of 
Lavoisier, but doubted whether chemical 
combination always took place in fixed and 
definite proportions. He discovered the 
bleaching power of chlorine and prepared 
potassium chlorate. He was an intimate 
friend of Napoleon, and accompanied him 
to Egypt. He died in 1822. 

Bertrand, Gabriel (1807- ). A leading 

French chemist and bacteriologist, Bertrand 
is chief of the Biochemistry Section of the 
Pasteur Institute. He was elected a 
member of the Academic dcs Sciences in 
1923. His research work has been chiefly 
in the field of bacteriology. 

Beryl, Be,Al,Si,0„. Crystals are hexag¬ 
onal, blue, yellow, green, or white. There 
are two molecules in the unit cell, a = 9-21 A., 
b = 917 A. The unit cell has planes par¬ 
allel to the base at heights 0, c/2, and c. 
Hexagonal rings, formed of six silicon- 
oxygen tetrahedra, lie with the Si and 
shared O atoms on the reflection planes 
with the remaining O atoms above and 
below. The A1 and Be atoms lie in sheets 
at heights of 3c/4 and c/4 half-way between 
the reflection planes. Each A1 atom is in 
a six-fold group, and each Be atom in a 
four-fold one. Sp. gr. 2-7, hardness 7-5-8, 
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M.P. 1410°-1430° (Beryllium meta- and 
orthosilicates melt at 2000”). 

Used (1) as gemstone, particularly in the 
form of aquamarine and emerald : (2) for 
beryllium crucibles after separating and 
purifying the beryllium oxide. 

Beryllium (Glucinium), Be. At. wt. 9 02, 
At. no. 4. Hard white metal, D = 1-84, 
M.P. 1350°. Crystal structure, hexagonal 
close-packed, a = 2-207, c = 3 504 A. 

Discovered in 1798 by Vauquelin in the 
mineral beryl, a beryllium aluminium 
silicate, 3BcO, A1,0„ 0SiO„ who found 
that it contained an earth, similar to 
alumina, but whose salts possessed a sweet 
taste. This earth he called “ glucine," and 
the clement became “ glucinium." This 
name is used principally in France; in 
Great Britain, America, and Germany the 
name beryllium, from beryl, is more usual. 
Transparent forms of beryl are rare, nnd 
when coloured green by chromium oxide are 
known ns emerald or, when blue-green, as 
aquamarine. 

The chief source of beryllium is beryl, 
although it is a constituent of a number of 
other minerals (gadolinitc, chrysobcryl, 
etc.). 

The free metal was first obtained by 
reduction of the chloride or fluoride with 
an alkali metal, lithium, sodium, or potas¬ 
sium. In the technical production an 
electrolytic method is employed. The 
Sicmcns-Hnlskc process uses a fused 
mixture of basic beryllium fluoride, 5BcF„ 
2 BcO, and barium fluoride, BaF„ as elec¬ 
trolyte. This is contained in an Achcson 
graphite crucible, which serves as anode, 
with a cathode of wrought iron. The basic 
beryllium fluoride, 5BeF„ 2BcO, is obtained 
directly from beryl by heating with an 
equal weight of sodium fluosilicatc at 
650®-700®. The Beryllium Corporation of 
America use a fused mixture of sodium 
and beryllium chlorides as electrolyte in an 
iron crucible. 

A number of light alloys containing 
beryllium are known, but their use is 
limited, owing to the cost of the metal. 

Beryllium acetate, Be 4 0(C t H,O a ) t . Ob¬ 
tained by evaporating beryllium hydroxide 
with acetic acid. Is a very characteristic 
compound, giving a normal vapour density, 
and is soluble in chloroform. An X-ray 
examination shows that the four Be atoms 
arc arranged at the comers of a regular 
tetrahedron, with the oxygen at the centre 
and the six acetate groups occupying the 
edges. 

Beryllium carbonate. Basic carbonates 
of beryllium of indefinite composition are 
precipitated on boiling solutions of beryl¬ 


lium hydroxide in alkali carbonate solu¬ 
tions. A salt having the approximate 
composition BcCO„3Bc(OH) a , is obtained 
on keeping the precipitate from beryllium 
hydroxide and ammonium carbonate solu¬ 
tion over sulphuric acid in a dcssicator. 
Normal beryllium carbonate, BcCO s , prob¬ 
ably does not exist. Various basic double 
carbonates of beryllium and alkali metals 
(or ammonium) have !>ccn described. 

Beryllium chloride, BeCI,. Obtained by 
passing chlorine over a heated mixture of 
the oxide with carlrnn. It forms white 
crystals which sublime readily, and fume 
in moist air. Above (WO 0 the vapour 
density corresponds to the formula BeCI,. 
Is very readily hydrolysed to the hydroxide. 

Beryllium nitrate, Bc(NO,)„3H,0, is 
obtained as deliquescent crystals by eva¬ 
porating a solution of basic beryllium 
carbonate in nitric acid to a syrup nnd 
adding concentrated nitric acid. The salt 
readily loses nitric acid on exposure to 
air, and its aqueous solutions arc strongly 
acid owing to hydrolysis. Beryllium nit¬ 
rate is soluble in alcohol nnd ncctonc. 
Small quantities of the salt arc frequently 
added to solutions used in impregnating 
incandescent gas mantles. 

Beryllium oxide, BcO. Beryllium hy¬ 
droxide formed by the addition of caustic 
alkali to a beryllium salt solution is soluble 
in excess of the reagent. The hydroxide 
or carbonate on ignition gives the oxide, 
bcryllia, BcO. This is n white infusible 
powder, used to some extent in the manu¬ 
facture of gas mantles, accompanying the 
thoria to the extent of 2 to 5 parts per 1000. 
It is said to increase the mechanical strength 
of the mantle. 

Beryllium sulphate. BcS0 4 ,4II,0, is 
obtained as fine tetragonal crystals on 
evaporation of a solution of beryllium oxide 
in moderately concentrated sulphuric acid. 
The anhydrous salt is prepared from the 
oxide and concentrated sulphuric acid; 
it is stable up to about 530°, and dissolves 
with some difficulty in water. The tetra- 
hydrate is soluble in ita own weight of 
water, giving a strongly acid solution with 
a sweet taste. Double sulphates of beryl¬ 
lium (e.g. K,S0 4 ,BcS0 4 ,2H,0) are known. 

Berzelius, Jons Jakob, was bom in 
East Gothland, Sweden, in 1779. He 
studied chemistry and electricity at Upsala, 
and became President of the Swedish 
Academy of Sciences in 1810. He was 
created a baron in 1835 and died in 1848. 
He was a skilful and conscientious analyst 
and discovered cerium, selenium, and 
thorium. He isolated silicon, zirconium, 
and tantalum, and studied the pheno- 
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me non which he called catalyse. He wrote 
““riant books on mmeralogy and 
and had a great reputation as 
a pache?; among his pupils were Mitscher- 
i.vh Wdhler, Gmclin, and Mosander. 
“ C Beiemer, Sir Henry CS^^ The 
tnn 0 f an artist, Bessemer was born at 
Charlton in Hertfordshire. Of artistic and 
inventive mind, his success commenced with 
his discovery of a means of manufacturing 
••lid ’• paint from Dutch metal. His name 
JAssociated with the Bessemer Converter 
used in the manufacture of steel 
iron He erected steelworks in Sheffield to 
dTvdop the process. Elected F.R.S. in 1879. 
Bessemer was knighted in the same year. 
Sec Nature, 1808, 57, P- 487. . _ 

Bessemer or Acid process. A method of 
manufacture of steel from pig iron by oxida¬ 
tion of carbon and silicon by blowing air 
through the molten metal. The opera¬ 
tion is carried out in a converter which is a 
pear-shaped vessel lined with a refrac¬ 
tory, usually ganister. As gamstcr contains 
gome 90 % silica the process is sometimes 
called the acid process and the product acid 
steel. The pig iron is run into the converter, 
the blast turned on and the silicon and 
carbon oxidized, the former giving a slag 
while the heat generated keeps the metal 
liquid. All the carbon is burnt to carbon 
dioxide, and when this is complete the iron 
is rccarburizcd to steel by adding ferro¬ 
manganese. The manganese reduces any 
iron oxide formed, its own oxide forming a 
slag. 

This process is suitable for pig iron con¬ 
taining neither phosphorus nor sulphur, and 
containing a silicon content of about 2$ %, 
which is required to give the necessary heat 
on oxidation. 

BesszonoS's reagent is a complex phospho- 
tungstic-phosphomolybdic acid obtained by 
heating a solution of sodium tungstate with 
phosphomolybdic and phosphoric acids. It 
crystallizes from water in colourless crystals 
having the composition (17 \V0 3 )(MoO,) 
(P,0„ H 2 0), 21 HjO. When dissolved in 
water, it gives a deep blue colour with 
ascorbic acid. This reaction has been used 
to estimate or detect ascorbic acid in fruit 
juices and plant extracts; it is, however, 
not a specific test for ascorbic acid. 

Betacaine. See Benzamine hydrochloride. 

Betaine, Trimethylglycine, CjH n OjN. 
Crystallizes in dcliques- 
cent prisms or leaflets, 8 - 


with one molecule of 
water, which it loses 
when heated to 100°. 

M.P.. 293°. Soluble in 
water and alcohol. It is a very feeble base. 


H,C—N^ ^CO 
Hfi'' X CH, 


It occurs in beets and mangolds and many 
other plants, and can conveniently be pre¬ 
pared from beet molasses. It has little, if 
any, physiological activity. 

The hydrochloride, known under the 
name of acidol,” is a white crystalline 
substance readily soluble in water, and is 
administered in certain types of gastritis 
when it is desired to increase the acidity of 
the stomach. 

Betaines. A group of feebly basic sub¬ 
stances, resembling betaine, which occur 
chiefly in plants. They are amino-acids in 
which the nitrogen atom is combined with 
methyl groups and they contain the group 



They include stachydrine, trigonelline, and 
carnitine. Sec “ The Simple Natural Bases,” 
by Barger. 

Beta particle or beta ray. A particle of 
small mass (1/1850 of the mass of the 
hydrogen atom) and negative charge of 
one, i.e. an electron. Beta particles are 
emitted during many radioactive dis¬ 
integrations ; as normally produced they 
have a very high velocity comparable 
sometimes to that of light. They have a 
long path in air at normal pressure ; their 
path may be deflected by both electro¬ 
static nnd magnetic fields. They may be 
detected by special counters (beta par¬ 
ticle counters). 

Betatron. The betatron is an apparatus 
for accelerating electrons. The principle 
of it is that an electric force is produced 
round the axis of a fluctuating inngnctic 
field. Rutherford, in 1927, suggested that 
this field could be used to accelerate 
electrons ; the first practical results were 
due to Kirst, who in 1940 obtained 2,000,000 
volt electrons. The General Electric Co. 
of America have obtained 100,000,000 voit 
electrons and with these produced artificial 
mesons, one of the components of cosmic 
rays. 

Betitol, C # H,(OII)„ is apparently a 
tetritol (see Inositol). It has M.P. 224°, 
and was obtained from beet molasses. 

Bevan, Edward John (1856-1921). Bevan 
was born at Birkenhead. At the age of 
17 he entered the laboratory of the Runcorn 
Soap and Alkali Co., but was advised to 
undertake a systematic chemical training 
at Owens College. There he became 
associated with C. F. Cross, and together 
they proceeded to carry out research on 
the cellulose industry. By converting 
cellulose into viscose they made possible the 
artificial silk industry. They established a 
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firm of consulting chemists, and in 1892 
Bcvan was appointed Public Analyst under 
the Middlesex County Council. See J. 
Chem. Soc., 1921, p. 2121. 

Bhang. See Indian hemp. 

Biacetyl. Sec Diacetyl. 

Bicarbonates. Another name for acid 
carbonates. See Carbonic acid. 

Bichromates. An old and incorrect name 
for dichromates. 

Biebrich scarlet. This dycstufT is pre¬ 
pared from the diazo-compound of acid 
yellow combined with 0-naphthol. It con¬ 
sists of two compounds, one made from the 
monosulphonic acid of aniline yellow, 



SOjNa 
N : N • C,H 4 


• N : N C 10 H,OH. 


and another made from the disulphonic acid 
which is usually predominating in the 
commercial dye, 


,SO,Na 

/SO.Na 
\N : N • C,H/ 

: N • C,„H # OH 


Bigelow, Harold Eugene (1881- ). 

Born at Spencer’s Island, Nova Scotia, 
Bigelow was educated at Mt. Allison and 
Harvard, and subsequently became pro¬ 
fessor of chemistry nt the former University. 
A member of the National Research Council 
of Canada, he was elected President of the 
Canadian Institute of Chemistry in 1937, 
and Vice-President of the Canadian Chemi¬ 
cal Association in 1938. 

Bile pigments. The chief pigments of the 
bile arc bilirubin, C„H, 4 0 4 N 4 , and its 
oxidized form bllivcrdin. The following 
structure has been assigned to bilirubin : 


CH, • CH, • COOH 

CH, • CH, • COOH 

CH. i 

\ / \ 


vi 

I 


CH ,—Q C C-CH, 


\ I \ / 

C—Nil HN—C 

\ 


/ 


CH 


\l 


CH,: CH- 


C—N N-C 

(-OH HO-I ^C—CH, 

V 


I 

CII, 


I 

CH : CH, 


It forms brown crystals, insoluble in water, 
sparingly soluble in alcohol and ether, 


soluble in alkalis. The bile pigments are 
breakdown products of hcemoglobin. They 
can be detected by Gmclin’s reaction; on 
treatment with strong nitric acid the colours 
change from green to blue, violet, red, and 
yellow. See an essay by Lemburg called 
“ The Disintegration of Hamoglobin in the 
Animal Body ” in “ Perspectives in Bio¬ 
chemistry.” 

Bile salts. These are the sodium salts of 
glycocholic and taurocholic acids, which are 
present in the bile of animals. They have 
a very low surface tension, and so act ns 
stabilizers for the emulsion formed by the 
fat particles in the intestine, thus rendering 
further chemical action on the fats easier. 
They also serve to hold in solution the 
otherwise insoluble fatty acids. They can 
be detected by Pcttenkofcr’s reaction, a 
brilliant purple colour being given by the 
addition of sucrose and sulphuric acid. 

Bilirubin. Sec Bile pigments. 

Biliverdin. See Bile pigments. 

Bingham, Eugene Cook (1878-1945). Born 
at W. Cornwall, Vermont, Bingham studied 
at Middlebury College, the Johns Hopkins 
University, Leipzig, Berlin, and Cambridge. 
After being professor of chemistry nt 
Richmond College from 1900 to 1015, nnd 
assistant physicist at the U.S. Bureau of 
Standards, 1915-1910, he was appointed 
professor of chemistry at Lafayette College, 
Easton, Pennsylvania. His researches dealt 
with viscosity and plastic flow. 

Biochemistry. The name given to that 
branch of chemistry that deals with living 
organisms. It thus includes animnl physio¬ 
logical chemistry, the chemistry of plants, 
and of bacteria and fungi. It is impossible 
to define accurately the borderline between 
pure chemistry and biochemistry, many 
people considering themselves biochemists 
who work on the pure chemistry of bio¬ 
logical products, for example proteins or 
vitamins, whereas most of those who work 
on the carbohydrates, equally biological 
products, would not call themselves bio¬ 
chemists. The distinction depends more on 
the attitude of mind of the worker ; if he is 
more interested in the dynamic side of the 
subject and the reactions occurring in the 
living cell he is a biochemist, whereas the 
pure chemist is interested chiefly in the 
preparation, identification, and reactions of 
substances obtained from the living cell. 

Bios. The name originally given to a 
substance of vitamin nature necessary 
for the proper growth of certain highly 
cultivated yeasts. The original bios has 
been shown to contain biotin, pantothenic 
acid, aneurin, and i-inosiiol. 
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Biose. A carbohydrate with CH,OH 
two carbon atoms. The only biose 
is glycollic aldehyde. 

Biot, Jean Baptiste (1774-1862). Bom 
and educated in Paris, Biot was appointed 
professor of physics at the College de 
France. In 1804 he was associated with 
Gay-Lussac in the first balloon ascent for 
scientific investigations. Two years later 
he undertook some geodetic measurements 
with Arago. His work on the polarization 
of light earned for him the Rumford Medal 
of the Royal Society in 1840. 

Biotin. This is one of the bios and 
vitamin-2?] factors. It is necessary for 
the growth of certain micro-organisms and 
acts as a vitamin in that it prevents an 
eczema-like dermatitis in rats caused by 
feeding raw egg white. The active factor 
in egg white is a protein-carbohydrate 
complex called avidin, which reacts with and 
inactivates biotin. Biotin is needed in very 
small quantities; it can be detected by a 
yeast growth method at a concentration as 
low as one part in 10,000,000,000. Biotin 
is present in yeast, egg yolk, liver and other 
usual sources of the vitamin-2?, complex. 
The biotins from egg yolk and liver arc 
different substances. 

0-Biotin (from liver) is 2-keto-3 :4-im- 
idazolido - 2 - tetrahydrothiophen - n - valeric 
acid, C, 0 H u O,N,S. 

dc—ch 

H*C HC—{CHJ 4 —COOH 

0-biotin. 

It crystallizes in long colourless needles, M.P. 
230°-231°, [a]“ + 91-7° (in 01 N . NaOH). 
It has been synthesized and is available 
commercially. 

a-Biotin (from egg-yolk) is believed to have 
a similar structure to 0-biotin, but with the 
side-chain 

CH, 

—CH— C\/ 


A 


\ 


JOOH CH, 

See Chem. and Ind., 1948,115. 

Birkeland, Kristian (1867-1917). Pro¬ 
fessor of physics in the University of 
Christiania, Birkeland, in 1903, developed 
with Eyde the process for the production 
of nitric acid by the fixation of atmospheric 
nitrogen. 


Bisabolene, C, s II l4 . 

One of the most 
widely distributed 
sesquiterpenes. It is 
found in Bisabol 
myrrh, in bergamot 
and opopanax oils, 
and in many other 
essential oils. It is 
a colourless viscous 
oil and has B.P. 

133°-134° /12 mm., 
dj‘ 0-8717, nj* 1-4923. It forms a tn- 
hydrochloride of M.P. 79°-80°, from which 
it can be liberated by sodium acetate in 
acetic acid solution. 

Bisilicates, a term applied to those silicates 
in which the ratio of oxygen atoms in the 
“acid” portion to the oxygen in the 
“ base ” portion is 2: 1. The two general 
formula; for bisilicatcs are RO, SiO, and 
R,0„ 3SiO,. They arc often termed meta- 
silicates. 

Bismarck brown. Basic azo dyestuff; 
dyes wool a reddish-brown shade. It has 
no affinity for cotton unless mordanted 
with tannin. 

Discovered in 1864, it is one of the oldest 
azo dyestuffs. 

It is prepared by the action of nitrous acid 
upon m-phenylcne-diaminc. The tetrazo 
compound first produced combines with 
two molecules of excess diamine to give 
Bismarck brown. 

Bismuth. At. wt. 209 00, At. no. 83. 
A brittle, reddish-white metal, D =» 9-80, 
M.P. 271°, B.P. 1450°. The crystals be¬ 
long to the rhombohcdral system, a =» 4-736 
A., a — 57° 16', and nrc isomorphous with 
those of arsenic and antimony. 

The metal has been known from anti¬ 
quity and often confused with tin and lead. 
It occurs native with arsenic and tellurium, 
as the oxide Bi,0, in bismuthitc or bismuth 
ochre, the sulphide Bi,S, in bismuth glance, 
and in many copper, tin, and lead ores. 
The ore is first concentrated by washing 
and picking, roasted in a tubular furnace 
to the oxide, which is reduced by coal or 
coke. The metal is separated and to some 
extent purified by liquation. Another 
source of Bi is in the anode slimes from 
copper refining. Pure bismuth is obtained 
by electrolysing a solution of BiCl, in HC1 
with graphite or pure bismuth cathodes 
and crude bismuth anodes. 

The metal bums in air with a bluish-white 
flame to the yellow trioxidc Bi,0,. It is 
unattacked by dilute, slightly attacked by 
strong acids, but is soluble in the presence 
of oxidizing agents. Finely divided bis¬ 
muth obtained by the reduction of bismuth 
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chloride with hypophosphorus acid is used 
in the treatment of syphilis. It is ad¬ 
ministered by intramuscular injection in the 
form of a suspension in a sterile solution of 
dextrose. 

Bismuth alloys. Alloys of bismuth with 
lead, tin, and cadmium arc of special 
interest; they melt at low temperatures, in 
many cases below 100’. These alloys give 
well-defined castings, and with sufficient 
bismuth present expand on cooling. Some 
of these alloys arc : 


Name 

Bl 

Pb 

So 

Cd 

M.P. 

Newton’s . 

50 

31 25 

18 75 

_ 

98° 

Rose’s 

50 

28 

22 

— 

100° 

D’Arcet’s . 

50 

25 

25 

— 

97° 

Lichten berg’s 

50 

30 

20 

— 

98° 

Wood’s 

50 

25 

12 5 

12 5 

71° 

Lipowitz's . 

50 

27 

13 

10 

71* 


These arc used for fire protective devices, 
fuses, solders, etc. The alloys of bismuth 
with lead and antimony arc used for 
stereotype plates. 

Bismuth carbonate. The basic carbonate 
2(Bi0),C0 3 , HjO is obtained as a white 
powder by precipitation of a solution of 
bismuth nitrate with ammonium carbonate. 
It is tasteless and insoluble in water and 
neutral organic solvents. On drying at 
100 ° it loses a molecule of water, with the 
formation of (BiO),CO a ; on further heating 
the oxide is produced. 

It is given internally for the relief of 
indigestion as it forms a coating on the walls 
of the stomach and intestines, which pro¬ 
tects them from irritation. 

Bismuth citrate, BiC,H,0,. White crys¬ 
tals, insoluble in water and alcohol. Soluble 
in ammonium hydroxide to form a solution 
of bismuth ammonium citrate, which is taken 
for indigestion. 

Bismuth halides. The stable halides arc all 
of the form BiX 3 . With the corresponding 
hydracid, complex acids such as H,BiCI 4 
and HBiI 4 are produced. On hydrolysis an 
oxyhalidc BiOX is formed. Lower halides, 
such as bismuth dichloride BiCI,, produced 
by heating the trichloride with bismuth, are 
known. 

Bismuth trichloride, BiCl„ M.P. 227°, 
B.P. 447°. A soft white crystalline material 
obtained by passing excess chlorine over 
bismuth. The vapour density corresponds 
to BiCl 3 . By dissolving bismuth in aqua 
regia and evaporating, crystals of BiCl„ H a O 
are formed. Solutions of the chloride in 
concentrated hydrochloric acid deposit 
crystals of chlorobismuthous acid, H,BiCl s . 
Salts of this acid and of HBiCl 4 and 
HBijCI, are known. Aqueous solutions are 


readily hydrolysed with the precipitation 
of white bismuthyl chloride, BiOCI. 

Bismuth triiodide, Bil 3 , M.P. < 489°. 
A black powder formed by adding bismuth 
oxide, Bi,0„ to a solution of iodine in 
stannous chloride saturated with hydro¬ 
chloric acid ; or by heating a mixture of the 
elements. It sublimes readily, giving greyish- 
black tablet -shaped crystals which arc 
stable in air. It is only slowly attacked by 
water, more readily on boiling, with the 
formation of red bismuthyl iodide BiOI. 
The tri-iodide dissolves in hydriodic acid, 
giving iodobismuthous acid, HBiI 4 , 411,0, 
of which salts such as KHiI 4 have been 
prepared. 

Bismuth nitrates. Bismuth dissolves in 
warm 20 % nitric acid, and the solution 
after evaporation gives triclinic crystals 
of Bi(NO,)„ 511,0. This is the most im¬ 
portant salt of bismuth. It is very easily 
hydrolysed, the solution in dilute nitric 
acid giving on dilution a white basic nitrate, 
Bi(OII),(NO,), and this on washing with 
water is finally converted into the hydroxide 
Bi(OII),. 

Bismuth oxides. The most stable oxide 
of bismuth is the trioxidc Bi,0 3 . A 
number of other oxides have been reported. 
The dioxide Bi,O t , said to be formed as a 
black precipitate by reducing a bismuth 
salt solution with sodium stannitc, has been 
shown to be a mixture of Bi,0, and metallic 
bismuth. Higher oxides arc produced by 
oxidizing alkaline solutions of Bi,O a . Thus 
chlorine precipitates from a hot dilute 
alkaline Bi,0, solution scarlet bismuth 
tetroxide, Bi,0 4 , and from a concentrated 
alkaline solution the pentoxide Bi,0 4 . Both 
of these oxides dissolve in nitric acid 
(density = 1 - 2 ) with the evolution of 
oxygen. Oxidation with persulphate or 
ferricyanidc of a concentrated alkaline 
solution of Bi,0 3 gives bismuth peroxide, 
Bi,0 4 , insoluble in nitric acid. 

Bismuth trioxidc, Bi a O„ M.P. 820°. 
The hydroxide, Bi(OH)„ precipitated by 
caustic alkali from a bismuth nitrate solu¬ 
tion, on drying at 100° gives BiO(OH) and, 
on ignition, yellow bismuth trioxidc, Bi,O s . 
This is also obtained directly by ignition of 
the basic carbonate or nitrate. The solid 
oxide exhibits a transition temperature at 
704°: the stable form below this tempera¬ 
ture consists of greenish-yellow crystals. 
Just below the melting-point a third form 
is obtained in yellow needles. 

Bismuth trioxide is used to produce an 
iridescent white glaze on porcelain, and, 
when mixed with other oxides, in the pre¬ 
paration of stained glass. 
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Bismuth sodium tartrate. There arc two 
compounds with this name, both being 
soluble in water. (1) The acid compound 
contains an excess of tartaric acid, and «s 
used for the preparation of bismuth mixtures 
containing pepsin such as are used for acute 
dyspepsia. (2) The neutral compound is 
used for the preparation of solutions for 
intramuscular injection in the treatment of 

syphilis. ... . 

Bismuth sulphates. By dissolving the 
metal in hot concentrated sulphuric acid, a 
white amorphous substance, Bi,(S0 4 )„ is 
obtained. On the addition of water a basic 
sulphate. Bi«(0H) 4 S0 4 , is formed, and, on 
heating, this forms yellow bismuthyl 
sulphate, (BiO) a S0 4 . With potassium sul¬ 
phate a double salt, KBi(S0 4 )„ is formed. 

Bismuth sulphide, Bi,S s . Precipitated 
from solutions of bismuth salts by hydrogen 
sulphide as a brownish-black substance, or 
obtained crystalline by fusing bismuth 
with sulphur. The compound is insoluble 
in alkali or alkali sulphide, but dissolves 
in nitric or hot concentrated hydrochloric 
acids. It is soluble in very concentrated 
potassium sulphide and fine crystals with 
a metallic lustre of KBiS, arc formed. On 
diluting the solution Bi,S, is rcprecipitatcd. 

Bitter apple. Sec Colocynth. 

Bittern. In warm climutes sea-water is 
evaporated in large flat ponds, called salt 
meadows, by the heat of the sun. The 
salt so obtained is known as solar salt. 
The mother liquor, known as bittern, 
contains magnesium salts and bromides. 


8l 


solvents four fractions, of which nos. Ill 
and IV have good binding properties. 
See Bone and Himus on “Coal, Its Con¬ 
stitution and Uses." 

Bituminous coal. Under this heading 
comes a large variety of coals varying »» 
carbon content from about 85 % to 92 / 0 
carbon and 4 5 % to 5-8 % hydrogen, with 
a volatile matter of from 15 % to 40 , Q . 
From this range are obtained the coking 
coals, whether for foundry coke or blast 
furnace coke, and the gassy coals for gas 
works’ practice and produce work. Nearly 
all the domestic uses for coal are satisfied 
by this bituminous range. 

’ Bituminous plastics. Compositions based 
on bitumen, coal tar pitches, and petroleum 
still-residues which are used as thermo¬ 
plastic moulding materials and as flooring 
compositions. The common brand names 
are Durastic nnd Bitumastic. 

Biuret, Ureidoformamide, C,II 4 0 2 N„ 
NH,. CO . NH . CO . NH,. Crystallizes in 
needles with one molecule of water, M.P. 
193°, with decomposition. Formed by the 
action of heat on urea. 

Biuret reaction. Substances containing 
two —CO—NH— groups attached to one 
another, to the same nitrogen atom, or to 
the same carbon atom, give a violet or 
pink colour when treated with sodium 
hydroxide and copper sulphate. The re¬ 
action therefore serves as a test for biuret, 
oxamide, polypeptides, and proteins. 

Bivariant system. A system with two 
degrees of freedom. Sec Phase rule. 

Birin, C„H»0 4 . 


HOOC CH : CH • C : CH • CH : CH • C : CH • CH : CH • CH : C • CH : CH • CH : C • CH : CH • COOCH, 
L U in, CH, 


Bitumen has been described in British 
Standard Specifications as “ Mixtures of 
hydrocarbons of natural or pyrogenous 
origin or combinations of both (frequently 
accompanied by their non-metallic deriva¬ 
tives) which can be gaseous, liquid, semi¬ 
solid or solid and which are completely 
soluble in carbon disulphide.” The term 
is applied in coal technology to the solvent- 
extractable constituents of coal. The sol¬ 
vents commonly used are : 

(1) Pyridine and chloroform, when three 
fractions are obtained ; the a-fraction insol¬ 
uble in pyridine, the 0 -fraction soluble in 
pyridine but insoluble in chloroform, and 
the y-fraction soluble in both pyridine and 
chloroform. The y-fraction can be further 
resolved into y lt y„ y„ and y 4 . The 
a-fraction has no coking properties. 

(2) Benzene under pressure, yielding 
after treatment of this extract with other 

6 


Crystallizes in violet-rod needles, M.P. 198°. 
Autoxidisable in solution. It is the principal 
pigment of annatto, the colouring matter 
of the shrub, Bixa orellana, which was once 
used for dyeing, and is still used for colour¬ 
ing foodstuffs and in the manufacture of 
varnishes. Several geometrical isomers and 
derivatives of bixin are known. 

Black, Joseph, was born in 1728 at 
Bordeaux, and studied at the University 
of Glasgow. In 1755 he wrote a paper 
called “ Experiments upon Magnesia Alba, 
Quicklime, and Other Alkaline Substances.” 
In this he proved that magnesia was an 
earth similar to, but different from lime, 
and that both magnesia and lime would 
combine with carbonic acid gas to form 
carbonates. He played an important part 
in the discovery of latent and specific heat. 
He became professor of chemistry at the 
University of Glasgow, and in 1776 became 
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professor at the University of Edinburgh, 
and died in 1799. 

Black lead. The commercial name for 
powdered graphite used for blackening and 
polishing purposes. Sec Graphite. 

Blake crusher. See Jaw crusher. 

Blanc fixe. This fine white pigment, 
used extensively for the coating of paper to 
produce a good printing surface, is essen¬ 
tially barium sulphate precipitated at such 
dilutions that it is in an extremely fine 
state of division and has a high covering 
power. This material, which should be 
quite free from iron, is remarkable for its 
chemical inertness and low adsorptive 
powers. 

Blanchard, Arthur (1870- ). Bom at 

Boston, Blanchard was educated nt Massa¬ 
chusetts Institute of Technology and at 
Leipzig. Professor of chemistry at the 
Massachusetts Institute, he is author of 
several books and many original papers in 
the field of inorganic chemistry, particu¬ 
larly on the metal carbonyls. 

Blanc's Rule. This rule states that all 
dicurboxylic acids, with the exception of 
oxalic and inalonic acids, up to and including 
1:5 acids, give anhydrides when treated with 
acetic anhydride and subsequently distilled ; 
1 :0 and higher acids lose carbon dioxide to 
give ketones; thus glutaric acid gives glutaric 
anhydride; adipic acid givcscyclopcntanonc. 
Some exceptions to this rule, presumably due 
to steric hindrance, have been found. 

Bleaching earths. Sec Active earths. 

Bleaching powder. This is also called 
chloride of lime, and is manufactured by the 
direct union of dilute chlorine gas (as from 
Deacon’s process) and quicklime. It is a 
mixture the formula of which approximates 
to CaOCl, (calcium chlor-hypochloritc), and 
probably contains : 

(i) CaCI,. Ca(OII),. H,0 ; 

(ii) Ca(OCl), . 2CaO(OH), ; 

(iii) CaCI, . 4H,0 ; and 

(iv) Ca(OCI),. xH,0. 

On treatment with dilute acid it readily 
yields chlorine, and is sold on the basis of 
“ available chlorine ” (about 35 %). 

Blende, or Sphalerite, ZnS. Cubic system, 
often in dodecahcdra { 110 } with faces of 
{311}. Hardness 3$. Black or dark brown 
crystals, sometimes green or yellow. It is 
usually contaminated by iron, to which the 
colour is due. A fibrous variety is known 
as Wurtzite. For the crystal structure see 
Zinc blende. 

Blooming. A whitish cloudy appearance 
sometimes seen on the surface of vulcanized 
rubber goods, and caused by the separation 
of minute crystals of sulphur. 


Blowing. See Blown asphaltic bitumen. 

Blown asphaltic bitumen. By a suitable 
oxidation process it is possible to convert 
a proportion of the heavy distillates re¬ 
moved from asphaltic residues in the 
preparation of steam-refined bitumens into 
asphaltic substances. The process con¬ 
sists in blowing air through the heated 
base material ; hydrogen is split off with 
the formation of water, and condensation 
of the oxidized molecules to asphaltic 
substances occurs. 

Blue vitriol. See Copper sulphate. 

Blue water gas. Straight coal gas is 
usually diluted with blue or unenrichcd 
water gas to a declared calorific value. In 
its manufacture coke is alternately air- 
blasted to incandescence and then steamed 
for the production of the water gas. A 
five-minute cycle is common practice. 

An average analysis of a good B.W.G. 
would be— 


Carbon monoxide . . 42-3 % 

Hydrogen . . . 49-3 % 

Methane . . . 0-8 % 

Carbon dioxide . . 3-9 % 

Nitrogen . . . 4-2 % 


with a gross calorific value of 295-3 
B.Th.U.’s/cu. ft. 

Bodenstein, Ernst August Max (1871- 
1942). Born at Magdeburg, Bodenstein 
was educated at Heidelberg, Wiesbaden, 
Charlottcnburg, and Gottingen. After 
lecturing at Heidelberg and Leipzig, where 
he became extraordinary professor in 1904, 
he went in 1906 to Berlin, and in 1908 was 
appointed ordinary professor at the Tcch- 
nische Hochschulc, Hanover. In 1923 he 
became ordinary professor in Berlin Uni¬ 
versity and Director of the Physikalisch- 
Chcmisches Institut, retiring as professor- 
emeritus in 1930. His chief researches 
dealt with equilibria, reaction kinetics, and 
photochemistry. 

Body-centTed cubic lattice. A modifica¬ 
tion of the cubic lattice having, in addition 
to a point at each comer of the cube, a 
further point in the body of the cube, 
equidistant from its comers. In this ar¬ 
rangement each atom or ion has eight 
similar, equidistant neighbours The follow¬ 
ing metals crystallize with the body-centred 
cubic structure : the alkali metals (Li, Na, 
K, Rb, Cs); Ba, /?-Zr, V, Nb, Ta, a-Cr, Mo, 
a-W, and a-Fe. 

Boerhaave, Hermann, was bom near 
Leyden in 1668; he studied at the 
University of Harderwyk, and became 
professor of medicine in the University of 
Leyden. He had a great reputation as a 
teacher, spoke several languages, and 
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published, in 1732, the “ Element® Chernca,” 
the most complete chemical treat.se of h.s 
time- He died in 1738. 

bogert. Marston Taylor (18G8- )- Born 

at Flushing. New York. Bogert was educated 
at the Flushing Institute, and subsequently 
at Columbia University, where ^ became 
professor of organic chemistry in 19M. He 
has written many original papers chiefly 
on the synthesis of organic compounds, and 
in particular on the quinazolmes and 
thiazoles. He was President of the Ameri¬ 
can Chemical Society in 1907-1908. and has 
been awarded the Nichols Medal (1900) and 
the Priestley Medal (1938). 

Bohr. Niels (1885- ). Bom at Copen¬ 

hagen, Bohr was educated at his native 
university before proceeding to Cambridge 
to work under Sir J. J. Thomson. Later 
he joined Rutherford at Manchester. In 
1916 he was appointed professor of theo¬ 
retical physics in the University of Copen¬ 
hagen. and later head of a newly established 
institute for theoretical physics. Bohr, in 
the theory which bears his name, showed 
how the quantum theory could be applied 
to the problem of atomic structure. He 
was awarded the Nobel Prize in Physics in 
1922. 

Boiling-point. The boiling-point of a 
liquid is that temperature at which the 
vapour pressure of the liquid is identical 
with the atmospheric pressure. 

Boiling-point diagram. A graph showing 
equilibrium compositions of liquid and 
vapour plotted against temperature for a 
two-component system at any given tem¬ 
perature. 

Boiling-point, Elevation of. The increase 
in boiling-point of a solution, compared 
with that of the pure solvent, due to the 
dissolved substance. The elevation of 
boiling-point is proportional to the weight 
of a particular solute. Molecular propor¬ 
tions of different solutes produce the same 
elevation. The following values represent 
the elevation of boiling-point produced in 
different solvents by dissolving 1 gram 
molecule of any solute in 100 grams of 
solvent. This is known as the molecular 
elevation of boiling-point. 


Solvent. 

Water. 

Chloroform. 

Ether. 

Acetone. 

Benzene. 

Alcohol. 


Molecular Elevation. 
5-2°. 

38-8°. 

211 °. 

17-2°. 

25-7°. 

11-5°. 


Boisbaudran, Paul Emile Lecoq de ( 1 838- 
1912). Bora in Cognac, a descendant of an 


ancient Protestant family, Boisbaudran, 
after his early education, joined his father 
and brothers in the wine trade. His 
interest in physics and chemistry was 
encouraged by his family, and ultimately he 
devoted his life to scientific investigation. 
He discovered the elements gallium, sama¬ 
rium, and dysprosium, and ranks with 
Bunsen, Kirchhoff. and Crookes as one of 
the founders of the science of spectroscopy. 
See Nature, 90, 1912, p. 255. 

Boltwood, Bertram Borden (1870-1027). 
Educated at the Universities of Munich, 
Leipzig. Manchester, and New- Ilavcn, 
Boltwood was for a time professor of 
physics and chemistry at Yale University. 
He discovered the radioactive clement 
ionium, the parent of radium. 

Boltzmann constant. In the equation 
expressing the gas laws, pV — RT, R, the 
gas constant, refers to a gram molecule of 
gas, and has the value 8-311 X 10 7 ergs 
per degree per mole, or 1-980 calories per 
degree per mole. If, instead of considering 
one gram molecule, one individual mole¬ 
cule is considered, we obtain a different 
constant, the Boltzmann constant, equal to 
1 380 X 10- 1 * ergs per degree. 

Bomb calorimeter. An instrument for 
determining the calorific value of foodstuffs 
and fuels. The substance to be investigated 
is enclosed in a thick-walled metal vessel, 
and ignited electrically, and the heat given 
out measured by the rise in temperature of 
liquid in a surrounding jacketed vessel. 

Bond. It is often convenient to imagine 
that the atoms in the molecule of a com¬ 
pound arc attached to each other by bonds, 
by means of which their positions in space 
are fixed. The nature of the valency bond 
is discussed under Valency, Theory of ( 7 . 0 .). 

Bone, William Arthur (1871-1938). Born 
at Stockton-on-Tees, Bone was educated at 
Leys School, Cambridge, before graduating 
in chemistry at Victoria University, Man¬ 
chester. I-ater he studied under Meyer at 
Heidelberg. After holding several junior 
posts he was appointed professor of applied 
chemistry at Leeds (1905) and professor of 
chemical technology. Imperial College of 
Science and Technology (1912). His re¬ 
searches were mainly on combustion and 
fuels. He was elected F.R.S. in 1905. See 
J. Chem. Soc., 1946, 1165. 

Bone and Wheeler gas analysis apparatus. 
The gas is measured at constant volume 
by means of the pressure which it exerts, 
and consists of a U-tube, one limb of which 
has volume marks, and the other is cali¬ 
brated in mms. to measure the pressure 
corresponding to that exerted by the gas 
when expanded to the same constant volume 
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mark in the first limb. The U-tubc is 
surrounded by a water jacket. 

Connected to the mm. calibrated limb 
arc an explosion chamber and an absorption 
vessel which is open under mercury and 
into which the absorbing reagents arc placed 
in tum. The gas is then forced backwards 
nnd forwards into this vessel and the 
diminution in pressure recorded after each 
absorption. 

Bone ash, a white or creamy powder 
obtained by calcining the bones of oxen. 
It consists essentially of tricalcium phos¬ 
phate with some calcium carbonate. It is a 
characteristic constituent of English china 
ware, known in the trade as bone china. 

Cupels for assaying gold and silver arc 
made of bone ash. 

Bone black—Animal charcoal. Prepared 
by the destructive distillation of degreased 
bones in iron retorts. The volatile products 
arc gases, a watery liquid containing am¬ 
monia and nitrogenous organic bases, and 
bone oil or Dippel's oil containing pyridine. 
The black residue, bone black, contains 
about 10 % amorphous carbon, disseminated 
through u very porous substrate of calcium 
phosphntc (80 %), and carbonate, etc. 
Treatment with mineral acid dissolves 
away the salts and leaves a charcoal known 
as ivory black. 

Bone china—the chief English china- 
ware—a soft porcelain which is made 
almost exclusively in this country. It is 
made of a mixture of china clay, ball clay, 
flint, Cornish stone, and bone ash in various 
proportions. In many of its properties it re¬ 
sembles true porcelain, but is less refractory 
and not quite so hard. It permits special 
styles of decoration which are inapplicable 
to hard porcelain and is, for this reason, 
very popular in many parts of the world. 

Booth, James Curtis (1810-1888). Booth 
was born at Philadelphia, and after gradu¬ 
ating at the University of Pennsylvania, 
studied in Germany in the laboratories of 
Wohler and Magnus. His laboratory in 
Philadelphia was the first established in 
America for the teaching of analytical 
chemistry. He assisted in the first geo¬ 
logical survey of Pennsylvania, was State 
Geologist of Delaware (1837-1838), and 
established a reputation in the field of 
mineral analysis. From 1849 until his 
death he was Melter and Refiner of the 
U.S. Mint. He was President of the 
American Chemical Society, 1883-1885, and 
has been termed " the first American 
industrial chemist.” 

Boranes. See Boron hydrides. 

Borax, Sodium borate, Na,B 4 0„ l0H,O. 
Has been known from fairly early times. 


Occurs naturally nt Lake Borax and 
Searlc’s Lake in California. It is obtained 
from minerals such as eolemnnite, Ca,B 4 0 4 , 
511,0, boracite, 2.Mg,B B O lS , MgCI„ and boro- 
natrocalcite, CaB 4 0 7 NaB0„ 1811,0, by ex¬ 
traction with boiling sodium carbonate 
solution. On treatment with mineral acid, 
borax gives boric or boracic acid, H 3 BO a . 

Borax is the source of all other boron 
compounds ; it is used technically in the 
production of optical and hard glasses, in 
preparing glazes, as a flux in soldering, and 
in laundering. Owing to hydrolysis in 
solution with the formation of boric acid it 
is used as an antiseptic. It is used medicin¬ 
ally as a mild alkaline antiseptic, and as a 
cleansing skin lotion. It has a sedative 
action on the skin and relieves the itching 
of pruritis. 

Boric acid, H,BO,. A white crystalline 
solid, with a characteristic greasy feel, 
composed of monoclinic or triclinic crystals. 
It is obtained by treating borax with a 
mineral acid, or by condensing the steam 
escaping from vents in volcanic districts 
of Tuscany ( suffioni ). The acid is volatile 
in steam. Its solubility in water is 105 gm. 
per 100 c.c. nt 0° und 10-82 gm. per 100 
c.c. at 80°. It is a very weak acid, being 
only 0 0001 % ionized in 0-1 N solution 
at 18°. On heating to 100° II,BO, (ortho- 
boric acid) loses water and forms IIBO, 
(mctaboric acid). Further dehydration 
yields H,B 4 O t (pyroboric acid). Ordinary 
borax is a salt of the last-named acid. 
Most metallic borates arc insoluble in 
water. 

Boric acid is a mild antiseptic, and pre¬ 
vents the growth of putrefactive organisms. 
It is rarely administered internally, but is 
very widely used in the form of an ointment 
as a dressing for wounds and sores. 

Bonne carbonyl, BH,CO. A gas which 
boils at approximately — 0-1°, and is 
prepared by heating the boron hydride, 
B,H„ with carbon monoxide at 100° and 
cooling rapidly. The compound decom¬ 
poses slowly at room temperature into 
B,H, and CO. It is of interest in that it 
affords evidence for the transitory existence 
of the borinc radical BH,. 

Borneol, C 10 H ia O. 


H,C 


HX- 



:h, 

r* 

H,C • 1 

V 

:-ch. 

:-* 

CH-C 


CHOH 


A crystalline secondary alcohol the d-form 
of which, known as Borneo camphor, is the 
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main constituent of the o.l from Oryo- 
balanop, aromatic. (-Borneo known as 
Ngai camphor, occurs in the oil from 
Illume baUamiJca, whilst «.c racemic 
form is found in a number of other oils. 
Borneol is also formed by the reduction of 
camphor, for example by means of sodium 
in alcohol. Inactive borneol is also formed 
bv the hydration of pinene or camphcnc, 
for example by heating turpentine oil with 
acetic acid at 100°. Borneol crystallizes in 
the hexagonal system, and has a smell like 
camphor but sharper. Its optically active 
forms have M.P. 208-5°. B.P. 212% whilst 
the racemic form melts at 210-3 . The 
active forms show [a]„ ± 37-02° in toluene 
solution. On oxidation borneol forms 
camphor of the opposite optical rotation. 
Its p-nitrobenzoate shows M.P. 137°. 

Bomesitol, C 7 H u O„ is the monomethyl 
ether of i-inositol ( q.v .). It is present in 
Borneo rubber, and has M.P. 199°, 

[<x] D + 31-6° 

It is isomeric with scquoyitol. 

Bornyl and isoborayl chlorides, C 10 H, T C1. 



Bornyl chloride, also known as ** artificial 
camphor," is formed by the action of 
hydrogen chloride on a-pinene, and is also 
formed, together with its stereoisomer, 
isobornyl chloride, by the action of phos¬ 
phorus pentachloride on borneol. Bornyl 
chloride is easily tautomerized to isobornyl 
chloride. By the elimination of hydrogen 
chloride it forms camphene. Bornyl chlo¬ 
ride crystallizes in leaflets of M.P. 132°, 
B.P. 207°-208°, [aJ D ± 33-4° (in alcohol). 
Isobornyl chloride has M.P. 147°, 
[<x]d ± 30-25°. It can also be produced 
from camphene by the action of alcoholic 
hydrochloric acid, d-camphene yielding 
/-isobornyl chloride and vice versa. 

Bornylene, C, 0 H„. 


CH, 



A dicyclic terpene which does not occur 
naturally, but is obtained from bornyl iodide 
by interaction with strong alcoholic potash, 


or by distilling methylbornyl xanthate. It 
is a 'very volatile crystalline solid of M.P. 
113% B.P. 146% [<x] D — 21-09% as prepared 
from d-camphor. 

Borocaine. A trade name for a brand 
of procaine borate. See procaine. 

Boron, B. At. wt. 10-82, At. no. 5. 
Obtained in two forms, amorphous brown 
powder D = 2-45, which smoulders in air at 
700° to the oxide, and a hard fused variety, 
M.P. 2200% which oxidizes only slowly in 
air. 

Boron occurs in borax and the minerals 
used in the preparation of borax. The 
element is obtained by fusion of the oxide 
with magnesium or potassium, or potassium 
borofluoratc, KBF 4 , with potassium. These 
methods yield the amorphous boron. Pure 
boron is obtained by striking a high tension 
arc in boron bromide vapour ; this gives the 
very hard, black, fused variety. 

Boron is essentially a non-metal, giving 
rise to only very few basic compounds. 
The element itself is only very slightly 
attacked even by strong acids. Ignition in 
air gives a mixture of the oxide and nitride 
BN. It also forms a carbide of hardness 
similar to that of silicon carbide. 

Boron chloride (Trichloride), BCI S . Colour¬ 
less mobile liquid, M.P. - 107°, B.P. 12-5°. 
Obtained directly from the elements or by 
heating boron trioxidc with phosphorus 
pentachloride in a sealed tube. The product 
may be purified by distillation in vacuo. 
It is extremely readily hydrolysed by water 
to boric acid and hydrochloric acid. 

Boron fluoride (Trifluoride), BF,. Colour¬ 
less gas, colourless mobile liquid, M.P. 
- 127°, B.P. — 101°. Obtained by the 
spontaneous combustion of boron in fluorine, 
or by heating a mixture of fluorspar, boron 
trioxide, and sulphuric acid in a lead 
retort. It is formed when any boron 
compound is mixed with calcium fluoride 
and concentrated sulphuric acid ; since 
the gas imparts a characteristic green 
colour to the flame, this reaction forms a 
delicate test for the presence of boron. 
The gas fumes strongly in moist air and 
reacts with water to give boric acid and 
fluoboric acid, HBF 4 . Salts of this latter 
acid are known, and show similarities with 
perchlorates (IIC10 4 ). Boron trifluoride 
combines with ammonia to give a white 
solid, BF„ NHj. 

Boron halides have the general formula 
BXj, and are all readily volatile compounds. 
Are obtained direct from the elements by 
passing the halogen over heated amorphous 
boron. They are extremely easily hydro¬ 
lysed to boric acid and halogen liydraeid. 
No oxychlorides arc known. 


Boron 


86 


Bragg 


Boron hydrides. A group of volatile 
compounds of the following formulae: 
B,H, (M.P. - 105-5% B.P. - 92*5°), 

B 4 H 10 (M.P. - 120% B.P. 18°). BjII„ 
(M.P. - 40 0% V.P. 0° at 00 mm.), B,H U 
(M.P. - 129°), B,H I0 (M.P. - 05 1% V.P. 
0 ° at 7-2 nun.), B,H„ (M.P. - 90 s ), B„H I4 
(M.P. 90-7% B.P. ca. 213°). The starting- 
point for the preparation of these hydrides 
is the action of acid on magnesium boride, 
which yields hydrogen containing a small 
proportion of B 4 H I0 , B 4 H„ B 4 H I0 , and 
B 10 H 14 . These hydrides are separated by a 
process of fractional distillation and con¬ 
densation in vacuum at low temperatures. 
The hydride B,H, is isolated from the 
products of decomposition of B 4 H 10 at 100®. 
Alternatively, it is prepared by passing a 
mixture of boron trichloride vapour and 
hydrogen through an electrical discharge, 
and isolating the compound B 2 H 4 CI from 
the products. This decomposes spontane¬ 
ously at 0° into B,H 4 and BCI,. The 
hydrides arc all decomposed at a red heat 
into boron and hydrogen. They are de¬ 
composed by nlkalis into boric acid and 
hydrogen, arc attacked more or less readily 
by water and by oxygen, and react readily 
with the halogens. The hydrides B,H 4 and 
B 4 H I0 behave chemically as if they were 
unsaturated and had acidic properties. 
Certain ill-defined and non-volatile, solid 
boron hydrides arc also known. 

Boron oxides, Boron suboxides. Two 
solid, non-volatile oxides, the formula; of 
which arc BjO, and B 4 0 4 , have been isolated 
from the products of hydrolysisof magnesium 
boride, Mg 4 B 4 . Both arc to be regarded 
as anhydrides of hvpoborous acids and have 
strong reducing properties. 

Boron trioxide, B t O,. A hygroscopic 
glassy solid, prepared by ignition of boric 
acid. It combines with water to reform 
boric acid. The oxide is amphoteric, its 
basic properties being illustrated by the 
formation of a phosphate, BP0 4 , and acid 
sulphate, B(IIS0 4 ),. 

Boron phosphate, BP0 4 . A stable white 
solid, prepared by evaporating and ig¬ 
niting a mixture of boric and phosphoric 
acids. It is to be regarded as borophos- 
phoric anhydride. 

Borosilicates. Derivatives of one of a 
group of complex anions containing boron 
trioxide and silica. Borosilicates are found 
as minerals (e.g. Danburitc, Ca(SiO,)j(BO),), 
and may also be prepared by fusing together 
boron trioxide, silica, and a metallic oxide. 
They form an essential constituent of 
glasses containing both boron oxide and 
silica (e.g. Pyrex glass). Glasses may also 


be prepared from boron trioxide and silica, 
without the addition of a basic oxide. 

Bose, Sir Jagadis Chunder (1858*1937). 
Bom at Mymcnsingh, Bengal, Bose was edu¬ 
cated at Calcutta, Cambridge, and London. 
After returning to India he joined the stafT 
of Presidency College, Calcutta, from which 
he retired os professor-emeritus ; he also 
founded the Bose Research Institute, of 
which he was Director. Elected F.R.S. in 
1920, Bose made important contributions 
to plant physiology. 

Bonrdelin, Claude (1695-1775). Professor 
of chemistry at Jardin dcs Plantes, Paris. 

Boornonite, PbCuSbS,, sulphantimoniate 
of lead and copper. Crystallizes in the 
orthorhombic system 

a : b : C » 0 938 : 1 : 0-897. 

Hardness 2$, sp. gr. 5-8. Colour lead-grey 
with metallic lustre. Almost every crystal 
shows twinning. The composition of the 
mineral is very constant. Good specimens 
have been found in the Harz, Cornwall, 
Hungary, and elsewhere. 

Boyle, Hon. Robert. Born at Lismorc, 
Ireland, in 1626 ; the seventh son of the 
Earl of Cork ; educated at Eton and on the 
Continent. In 1654 he became a member 
of the Invisible College, out of which grew 
the Royal Society. He published his 
“Sceptical Chymist ” in 1661. He seems 
to have recognized the difference between 
elements and compounds; he isolated 
methyl alcohol from the products of the 
destructive distillation of wood, and also 
isolated acetone; he died in 1691. Sec 
Thorpe’s “ Essays.” 

Boyle’s Law. The volume of a quantity 
of gas is inversely proportional to the 
pressure, if the temperature remains con¬ 
stant. This law is exact at low pressures 
but at high pressures all gases are slightly 
less compressible than Boyle’s law states. 
See van dcr Waals’ equation. 

Bragg, Sir William Henry (1862-1942). 
Bom at Wigtown, Cumberland, Bragg was 
educated at King William’s College, Isle of 
Man, and Trinity College, Cambridge. He 
held the following appointments ; professor 
of mathematics and physics, Adelaide 
(1886); Cavendish professor, Leeds (1909); 
Quain professor of physics, University of 
London (1915); Fullcrian professor of 
chemistry, Royal Institution (1933), and 
Director of the Davy-Faraday Research 
Laboratory. He was elected F.R.S. in 
1906, and created K.B.E. in 1920 and was 
awarded the O.M. in 1931. By the de¬ 
velopment of the X-ray spectrometer he 
was able to elucidate many problems of 
the arrangement of atoms and crystals. 


Brinell 


Bragg 

With his son, William Lawrence Bragg, 
hr shared in 1915. the Nobel Prize for 
Physics He was President of the Royal 
Society, 1935 to 1940. Sec Nature, 1942, 

l 4 Brwg, Sir William Lawrence (1890- ). 

Born at Adelaide, Bragg was educated at 
e t p c ter’s College and the Universities of 
Adelaide and Cambridge. He was appointed 
lecturer in natural sciences. Cambridge 
H014), Langworthy professor of physics, 
Manchester (1919). Director of the National 
Physical Laboratory (1937). and Cavendish 
professor of experimental physic. Cam¬ 
bridge (1938). He was awarded the 
O B E. and M.C. during the Great War 
and elected F.R.S. in 1921. He shared 
the Nobel Prize for Physics in 1915 with 
his father, Sir W. H. Bragg, with whom he 
was associated in researches upon crystal 
structure. 

Brand. Hennig (seventeenth century). A 
native of Hamburg, Brand in 1609 obtained 
the clement phosphorus from the residue left 
on the evaporation of urine. Sec “ Discovery 
of the Elements " (Weeks), p. 330. 

Brass. An alloy of copper and zinc, the 
former preponderating. Most brasses also 
contain another metal such as tin. Brasses 
have individual names, depending on their 
composition, such as Muntz metal. 

Brassidic acid, CnH^O,, 

CH, • (CH,), • CH : CH . (CH,) n • COOH 

Crystallizes in plates, M.P. 61-5°. It is the 
trans isomer of crude acid, and can be pre¬ 
pared from it by treatment with nitrous acid. 

Brauner, Bohuslav (1855-1935). The 
grandson of the chemist Neumann, Brauner 
was bom at Prague, where he received his 
early education at the Czech Technical 
College and the German University. Later 
he studied under Bunsen (Heidelberg), and 
Roscoe (Manchester). In 1882 he was 
appointed lecturer at the Charles Univer¬ 
sity, Prague, and in 1897 he became 
professor. His original work dealt with 
problems associated with MendelCeff’s peri¬ 
odic system, particularly the separation 
and atomic weight determinations of the 
rare earths. See “ Chem. Soc. Mem. Lect.,” 
1935, p. 1876. 

Braunite, a brown manganese oxide 
(Mn,0,), which usually contains some silica. 
It has a sub-metallic lustre, a brown-black 
streak, and is brittle. Sp. gr. 4-75-4*82. 
Hardness 6-7. It is used (i) as a source of 
manganese, (ii) as a colour for multi¬ 
coloured bricks, pottery, etc. 

Brazilite, ZrO„ the chief source of zir- 
conia; a variety of baddeleyite, found in 
Brazil. 


Breunnerite, an impure form of magnesite 
(MgCO,) containing 5 %-80 % of iron car¬ 
bonate ; also known as giobertitc nnd 
messitite. It is usually light-coloured when 
fresh, but darkens on exposure, sp. gr. 
3 0-3-45. Occurs in Czechoslovakia, Canada, 
India, and the Ural Mountains. Used (i) 
for the manufacture of magnesite bricks, 
for which purpose the iron oxide present 
acts as a l>ond and produces stronger 
(though less refractory) bricks than those 
made of purer magnesite, (ii) as a source of 
magnesia. 

Brewster, Sir David (1781-1868). Bom at 
Jedburgh, Brewster was educated for the 
Church at Edinburgh University. Handi¬ 
capped by nervousness, he gave up divinity 
in favour of physics. In 1838 Brewster 
became Principal of the United Colleges at 
St. Andrews, and in 1859 of Edinburgh 
University. He was one of the founders 
of the British Association. Much of his 
research was upon the properties of light. 
He was elected F.R.S. in 1815, awarded 
the Rumford gold and silver medal in 1818, 
and knighted in 1832. Sec " Home Life of 
Brewster," by Gordon (1869). 

Bright stock. A lubricating oil of high 
viscosity obtained by distillation and 
subsequent dewaxing from a paralTlnic 
residual oil. 

Brilliant Green, C„H„N, . SO.II is the 


O' 


N(C«Hs)« 


N /_j>—N(C,H,), -80,11 

sulphate of tctracthyldiaminotriphcnyl- 
carbinol anhydride. Glistening golden 
crystals, soluble in water and alcohol 
to give a deep green solution. It is pre¬ 
pared from dicthylanilinc and benzaldchyde. 
It is a green dye with powerful bacterial 
properties and is used as on antiseptic 
and disinfectant. 

Brin's (oxygen) process. An obsolete 
commercial method of preparing oxygen. 
Sec Barium oxide. 

Brinell number. In the hardness test 
devised by J. A. Brinell in 1900, a hardened 
steel ball is pressed under a known load 
into the material under test and the hard¬ 
ness is taken as the stress for unit area of 
spherical indentation. The Brinell hard¬ 
ness number is thus defined by the equation 

h-£ 

where P is the applied pressure in kilo¬ 
grammes and A is the spherical area of 
indentation. H is not a constant but 
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varies with P and the diameter of the ball 
used ; for comparable results both must 
be fixed. 

Briscoe, Henry Vincent Aird (1888- ). 

Bom at Hackney, Briscoe studied at the 
Royal College of Science, where he sub¬ 
sequently became lecturer in engineering 
chemistry. After practising as a consultant 
and lecturing at the Sir John Cass Technical 
Institute, he went to Armstrong College, 
Ncwcastle-on-Tyne, in 1021, as professor 
of inorganic and physical chemistry, be¬ 
coming Director of the Department of 
Chemistry in 1025. In 1032 he was ap¬ 
pointed professor of inorganic chemistry 
in the Imperial College of Science and 
Technology and in 1038 became Director 
of the Inorganic and Physical Chemistry 
Laboratories. His papers cover a wide 
range of inorganic chemical subjects, in¬ 
cluding work on boron, rhenium, and 
selenium. 

Britannia metal. See Tin alloys. 

British thermal unit (B.Th.U. Mean). 
This is the most commonly used industrial 
heat unit, and is the amount of heat 
required to raise the temperature of 1 lb. 
of water 1° Fahrenheit. Some difllculty is 
experienced in agreeing ns to at what tem¬ 
perature the unit should be mensured. The 
mean British Thermal Unit is 1/180th part 
of the heat required to raise the temperature 
of 1 lb. of water from 32° F. to 212 ° F. 

Brix scale. There arc two Brix hydro¬ 
meter scales. In the scale used in the 
sugar industry the specific gravity of a 
solution containing n per cent, of sugar is 
represented by n degrees Brix. The other 
Brix scale is connected with specific gravity 
by the equation, 


S.G. (at 15-6°) = 


400 

400 ± n 


the value of n being positive or negative 
as the solution is lighter or heavier than 
water. 

Brodie, Sir Benjamin Collins (1817-1880). 
Born in London, Brodie was educated at 
Harrow and Oxford, and in Liebig's 
laboratory at Giessen. Here he commenced 
investigations on beeswax, which he con¬ 
tinued after returning to England, and 
for which he was awarded a Royal Medal 
of the Royal Society in 1850. In 1855 he 
was appointed Waynflcte professor of 
chemistry in Oxford University, where he 
remained until his retirement in 1873. 
His extensive researches included the 
discovery of the peroxides of the organic 
radicals and confirmed Odling's formula 
for ozone, O a . He was President of the 
Chemical Society in 1859-61. 


Broglie, Louis Due de (1875- ). Bom 

in Paris, dc Broglie received his education 
at the College Stanislas and Ecolc Navale. 
He has made many original contributions 
on electricity, radioactivity. X-rays, and 
nuclear physics. In 1924 he was appointed 
a member of the Acadtfmie des Sciences. 

Bromal, Tribromoacetaldehyde, 

CBr, • CHO, 

is an oily liquid, D 3 34, B.P. 174°. Miscible 
with alcohol and ether; a crystalline 
hydrate is formed with water. Prepared 
by passing bromine into a mixture of 
paraldehyde and ethyl acetate, or by the 
action of bromine on alcohol. Decomposed 
by alkalis to give bromoform and a formate. 
Forms alcoholatcs with alcohols. 

Bromal hydrate, Tribromoethylidene 
glycol, CBr a CH(OH) t ,H a O, crystallizes in 
colourless prisms, M.P. 53 5°. Soluble in 
water and alcohol. Prepared by adding 
water to bromal. Distillation converts it 
to bromal. 

Bromelin. A very potent proteolytic 
enzyme obtained from the pineapple. It 
operates over a wide p„ range and in its 
properties resembles papain. 

Bromic acid, HBrO,. By dissolving 
bromine in hot concentrated caustic nlkali, 
a bromatc and a bromide arc produced. 
These salts may be separated by fractional 
crystallization. Silver bromatc, formed by 
precipitation between silver nitrate and a 
bromatc, on treatment with bromine gives 
free bromic acid. By evaporation on n 
water-bath, a 5 % or, in a vacuum desic¬ 
cator, a 50 % solution may be obtained. 
Bromic acid is colourless, decomposes readily 
into bromine and oxygen, and is a powerful 
oxidizing agent. 

Bromates arc usually only sparingly 
soluble in water. On heating they decom¬ 
pose to give a bromide and oxygen (KBrO,), 
or bromine oxide and oxygen (Pb(BrO s ) t ). 
Perbromates are unknown. A mixture 
NaBrO, + 2NaBr is used under the name 
“ bromine salt ” in the extraction of gold. 

Bromides. Metals such as iron and zinc 
dissolve in hydrobromic acid with the 
formation of bromides. The alkali bromides 
are obtained directly from bromine and 
caustic alkali or technically from iron 
bromide, a by-product in the preparation of 
bromine. 

The chief bromides used in medicine are 
those of ammonium, potassium, and sodium. 
Bromides arc used internally for their 
sedative action on the nervous system. 

Bromine, Br. At. wt. 79-916, At. no. 
35. A dark red, almost black liquid, 
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n-ries M.P. -7-3% B.P. 58 8°. 
Solid is dark red, becoming colourless 
__ 2 52 0 . The red vapour, poisonous 
*d of irritating odour, has the formula 

^Discovered in 1826 by Balard in bittern, 
if was at once recognized as a halogen. 
The chief sources of bromine arc the ocean, 
the Dead Sea, certain brines in America, 
and the residual liquors of the Stassfurt 

^ETthe technical preparation the liquors 
are treated with chlorine and the liberated 
bromine removed with steam and con¬ 
densed. The element is very reactive, 
combining with many elements to form 
bromides, and in solution acts as a very 
powerful oxidizing agent. It rapidly adds 
on at the double bond in unsaturated 
organic compounds, and forms a large 
number of important brominated deri¬ 
vatives, many of which are used as dis¬ 
infectants. It forms a number of corn* 
nounds with the other halogens, e.g. BrCI, 
BrF. BrF„ BrF„ and IBr. Its chief 
industrial use is in the manufacture of 
ethylene dibromide, which is a constituent 
of anti-knock fluids. 

Bromine oxides. Bromine is said to 
form three oxides, Br,0, Br,0„ and BrO a . 
The flrst of these, prepared by passing 
bromine over specially prepared mercunc 
oxide at 50°-00°, has not been isolated in 
the pure state. Br a O, is an unstable 
white crystalline solid formed by the 
interaction of excess ozone with bromine 
vapour at from — 5° to + 10®. BrO, is 
formed by streaming a mixture of bromine 
and oxygen through an electrical discharge. 
It may be separated as a solid by cooling 
the discharge tube in liquid air, but decom¬ 
poses at 0° into bromine and oxygen. It 
is less explosive than chlorine dioxide. 

Bromoacetic acid, CH,Br • COOH, is a 
white crystalline solid, M.P. 50°, B.P. 208°. 
Soluble in water and alcohol. Prepared by 
the action of dry bromine on dry acetic 
acid in presence of small amounts of red 
phosphorus. Produces sores upon the skin ; 
used in chemical syntheses. 

Bromoacetone,CH,CO • CH a Br,is a colour¬ 
less liquid which rapidly becomes violet in 
colour; it is a powerful lachrymator. 
D*> 1-684, B.P. 136®/725 mm. Slightly 
soluble in water; miscible with alcohol or 
acetone. Manufactured by treating aqueous 
acetone with bromine at 30°-40®; it is 
usual to add sodium chlorate to convert the 
hydrobromic acid formed by the reaction 
back to bromine. It is not very stable and 
decomposes on standing. Used as a tear 
gas. 


Bromobenzenes, C,H s Br, C 4 H 4 Br a . 
Br Br Br 


Monobromobenzene, B.P. 155®, sp. gr. 
1-517 at 0°. 

o-Dibromobcnzcne, M.P. 7-8®, B.P. 224°. 

p-Dibromobenzene, M.P. 89°, B.P. 219°. 

Colourless liquids or solids, insoluble in 
water, soluble in organic solvents. The 
halogen atom can be removed by treatment 
with magnesium, sodium, or copper, the 
residue thus formed linking with another 
dchalogcnated residue to give a diphenyl 
derivative. 

Prepared by direct broinination in the 
presence of a catalyst or by treatment 
of the diazo compounds with cuprous 
bromide. 

Bromocarnallite. The bromine analogue 
of camallitc, KBr, MgBr s , 6H a O. Very 
similar to camallite, with which it is 
associated in small quantities in the Stass¬ 
furt salt beds. 

Bromoform, Tribromomethane, CHBr„ is 
a colourless liquid, D“ 2-90, M.P. 8° ; B.P. 
151® (slight decomposition). Sparingly sol¬ 
uble in water; miscible with alcohol and 
ether. Prepared by the action of bromine 
and sodium hydroxide on alcohol or acetone, 
or by warming bromal with alkalis. De¬ 
composed by light and air more readily 
than chloroform ; stabilized by 4 % alcohol. 
Converted to carbon monoxide and potas¬ 
sium bromide by potassium hydroxide. 

Bromoform has anaesthetic properties 
similar to those of chloroform. It is 
chiefly used for whooping cough, being 
administered as a syrup combined with 
codeine and tincture of aconite, or in oily 
solution in gelatin capsules. 

Bromonaphth&lenes, C, 0 II 7 Br. 

Br 


a-Bromonaphthalene, M.P. 5°, B.P. 279®. 

/J-Bromonaphthalene, M.P. 59°, B.P. 282®. 

Prepared by the direct action of bromine 
upon naphthalene or by treating diazotized 
a- or /3-naphthylamines with cuprous bro¬ 
mide. 

Bromo-platinic acid, Bromo-platinous 
acid. See Platinum bromides, complex. 

Bromothymol blue, Dibromothymol- 
sulphonphthalein. One of the sulphon- 
phthalein group of indicators. It is used in 
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0 04 per cent, aqueous solution to which is 
added 3-2 c.c. of 0-05 N. sodium hydroxide 
per 01 gramme of indicator. Its pa range 
is 0 0 (yellow) to 7-0 (blue). 

Breasted, Johannes Nicolaus (1879-1047). 
Brenstcd was born at Varde, Denmark, 
and educated at Copenhagen, where he 
was professor of chemistry and Director 
of the Physico-chemical Institute at the 
University, and professor of physical 
chemistry at the Danish Technical College. 
His researches dealt with an extensive 
range of physico-chemical subjects, in¬ 
cluding papers on the kinetic properties 
of ions, catalysis, and nitramidc. 

Bronze. See Tin alloys. 

Brooldte, a titanium oxide (TiO,) which 
occurs ns dark orthorhombic crystals. 
There arc eight molecules in the unit cell, 
a : b : c = 0 841 : 1 : 0-944. The O atoms 
in a lie in sheets at heights of 0, 25, and 
50 %, and are in the positions of maxi¬ 
mum closeness for hexagonal packing. 
Sp. gr. 4-0. Hardness 5-5-5. Refractive 
index max. 2-741, min. 2-583. Occurs 
widely distributed in clays, especially in 
the coal measures, but in very small and 
commercially useless proportions. 

Brown, Alexander Crum (1838-1022). 
Born in Edinburgh, Brown was educated 
nt the Royal High School, Edinburgh, at 
Mill Hill School, and nt the Universities of 
Edinburgh, London, Heidelberg, and Mar¬ 
burg. He occupied the chair of chemistry 
at Edinburgh University from 1869 till 
1008. His investigations were chiefly upon 
types and radicals, on the theory of iso¬ 
merism and the organic compounds of 
sulphur. He was elected F.R.S. in 1879. 
See J. Chtm. Soc., 1923, p. 3422. See Crum 
Brown's rule. 

Brown, Horace Tabberer (1848-1925). 
Brown was born at Burton-on-Trent, and 
after a short period at the Royal College 
of Chemistry, Ixmdon, became a junior 
brewer at Messrs. Worthington’s brewery 
in his native town. In 1873 he became 
manager and in 1889 managing director, 
retiring in 1898. During this period he 
made numerous contributions to the chem¬ 
istry of brewing. After his retirement he 
continued his scientiflc work in London, 
where he carried out researches on the 
utilization of atmospheric carbon dioxide 
by plants. In addition to the LongstafT 
Medal of the Chemical Society (1894), he 
also received a Royal Medal (1903) and 
the Copley Medal (1920) of the Royal 
Society. 

Browne, Charles Albert (1870- ). Born 

at North Adams, Massachusetts, Browne 
studied at Williams College, and later at 


Gottingen. His chief researches have been 
made on agricultural chemistry, including 
work on cider and related products, butter, 
and in particular on sugars. In 1923 
Browne became chief of the Bureau of 
Chemistry of the U.S. Department of 
Agriculture, in 1927 chief of chemical and 
technological research of the Bureau of 
Chemistry and Soils, and in 1935 supervisor 
of chemical research. Is also an authority 
on historical chemistry. 

Brownian movement. When a colloidal 
sol is observed in the ultramicroscope the 
particles, which are brightly lit against a 
dark ground, appear to be in rapid and 
chaotic movement. This can also be seen 
with the smallest particles visible in the 
ordinary microscope, and was termed the 
Brownian movement after its discoverer 
(Brown, 1827), who first observed it with a 
gamboge suspension. The Brownian move¬ 
ment becomes more intense the greater the 
degree of dispersion, and is due to the 
impact on the dispersed particles of the 
molecules of the dispersion medium. As 
the particles increase in size, the prob¬ 
ability of unequal bombardment from 
different sides decreases, and eventually 
collisions from all sides cancel out and the 
Brownian movement becomes imperceptible 
at a particle size of about 3-4 p. The 
Brownian movement thus gives a concrete 
proof of the correctness of the kinetic 
picture of molecular dimensions, and from 
the characteristics of the movement, Perrin 
calculated Avogadro’s number N, obtaining 
a value in agreement with that calculated 
by other methods. 

Brucine, C„H M 0 4 N,. 


CH, • OC-CH 

H, • OC^ C 

w 



-v,r 

J, 


CH CH, CH, 

CH—I^H-i 

In— OCH,—Ih 


The formula is that proposed by Openshaw 
and Robinson ( Nature , 1946, 157, 438). 
Brucine is an alkaloid found with strychnine 
in nux vomica and other plants. It 
crystallizes in white prisms with four 
molecules of water, M.P. 105° (178°, when 
anhydrous). Insoluble in water, soluble 
in alcohol. Lievorotatory. It can be dis¬ 
tinguished from strychnine, of which it is 
the dimethoxy derivative, by the deep 
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red colour it gives with nitric acid. It is 
poisonous, but less so than strychnine. 

Brucite, Mg(OH)„ a white to green 
mineral crystallizing in the rhombohedral 


the reaction were carried out in the presence 
of an excess of sulphite. The reaction is 
not of general application, and is most 
commonly used in the preparation of 


*•» 0 -naphthylamine by heating ^naphth^ 
crystals being tabular or foliated, or scctile, with strong solutions of anunoiUum sulphite 
with a pearly lustre and perfect cleavage ; and ammonia for 8 hours at 150 . 
sn gr. 2 4 . Hardness 2-3, 0 = 312 A., The reaction takes place through the 
C=* 4 73 A. There is one molecule in the formation of intermediate compounds, 
unit cell. Brucite has a layer-lattice struc- possibly sulphurous esters of the 

ture, the OH groups being in hexagonal which are readily 

closest packing. Each layer consists of alkalies or ammonia, whichever is being 

cherts of OH Darallel to the basal plane used in the reaction, e.g. 


with a pearly lustre and perfect cleavage ; 
sp. gr. 2 4. Hardness 2-3, a = 312 A., 
c =* 4-73 A. There is one molecule in the 
unit cell. Brucite has a layer-lattice struc¬ 
ture, the OH groups being in hexagonal 
closest packing. Each layer consists of 
two sheets of OH parallel to the basal plane 

( 001 ) with a sheet of Mg _ 

atoms between, each Mg 

atom lying between six OH JL 

groups. Each OH is linked R * OH 

to three Mg atoms on one 

side, and fits into three OH 

of the next layer. 

On heating, brucite forms cubic crystals 
of periclase (MgO). 

Brunswick black. A black air-drying 
paint used as a protective coating for 
metal work, obtained by dissolving pitch 
or bitumen In volatile solvents. A cheap 
variety consists of a solution of pitch in 
white spirit. 

Brunswick green. A green pigment, it is 
a diluted chrome green, being a mixture of 
ground barytes, pmssian blue, and chrome 
yellow, obtained by mixing solutions of 
lead acetate, ferrous sulphate, potassium 
fcrrocyanidc, and sodium dichromatc in 
presence of ground barytes. It is manu¬ 
factured in various shades, and paints 
produced with it arc reasonably per¬ 
manent, but gradually become bluer on 
exposure. 

Bubble-cap column. A vertical distilla¬ 
tion tower containing a number of equally 
spaced horizontal plates or trays connected 
inside the column by one or more overflow 
pipes. A layer of liquid is maintained on 
each plate by the reflux, which is returned 
to the top of the column and flows down it 
from plate to plate. The vapour passing 
up the column is caused to bubble through 
the liquid by means of several chimneys, 
provided with slotted bells or bubble-caps 
on each plate. In this way the vapour and 
reflux are brought into intimate contact, 
resulting in progressive enrichment of the 
vapour as it passes up the column. 

Bucherer reaction. Bucherer discovered 
that the replacement of the amino group 
in naphthylamine derivatives by hydroxyl 
through the action of alkalis at high tem¬ 
peratures, and the reverse exchange of a 
hydroxyl group by amino through the 
prolonged action of ammonia at a high 
temperature could both be facilitated if 


+ sulphite 
1 + alkali 


R • O • SO,Na 


+ NH, 
-► 

•f sulphite 


R • Nil, 


Buchu consists of the dried leaves of 
Barosma btlulina, a shrub growing in South 
Africa. Buchu contains mucilage, crystal¬ 
line diosmin, and a volatile oil, the chief 
constituent of which is a crystalline sub¬ 
stance known as diosphenol. Buchu pos¬ 
sesses diuretic and antiseptic properties, and 
is used in inflammatory conditions of the 
bladder and urethra. 

Buchucamphor (Diosphenol), C l 0 H w O a . 
The crystalline solid which 
separates from oil of buchu y H > 

leaves, from various species of 
Barosma. It has the constants, 

M.P. 83°, B.P. 109M1C>7 jj/ COH 

10 mm. The molten substance 

has (T 1 0 9542, n "'* 1 4007. H,C CO 

It can be obtained by oxida- \/ 

tion of menthone with ferric 

chloride in acetic acid solu- C H 

tion. It gives an intense green 

coloration with ferric chloride. 11,(5 CII 3 

It forms a phenylurcthane of 

M.P. 113°-114°. 

Buffer solutions. It is often desirable to 
prepare a solution of definite p„, made up 
in such a way that this p u alters only 
gradually with the addition of alkali or 
acid. Such a solution is called a buffer 
solution, and generally consists of a solution 
of a salt of a weak acid in the presence of 
the free acid itself, e.g. sodium acetate and 
acetic acid. The p tt of the solution is 
determined by the dissociation equilibrium 
of the free acid : 


H*](CH 3 COO-) 


= K. 


[CHjCOOH] 

The sodiuih acetate, which is largely dis¬ 
sociated, serves as a source of acetate ions, 
which combine with any hydrogen ions 
which may be added to the solution to 
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yield more of the acetic acid. The addition 
of hydrogen ions has therefore much less 
effect on such a solution than it would 
have on water. The solution has “ reserve 
alkalinity.” In a similar manner, the solu¬ 
tion of the salt of a strong acid and a weak 
base, in the presence of the weak base, has 
“ reserve acidity,” and the p a is insensitive 
to additions of alkali. 

Bufotalin, C 14 H, 4 0 4 . A compound related 
to the sterols found in the venom of the toad, 
Bufo vulgaris. Combined with suberyl- 
argininc it forms bufotoxin. VVieland has 
suggested that it has the formula shown : 


CO 


dTN 

I CH 
CH, CH, d {\r 

CH, CH, 1h C-CH, 


CH, 


h 

\ i 1 
</VAV 

CO 

u 


Bofotoxin, C 40 H„O„N 4 . A substance 
obtained from the venom of the toad, 
Bufo vulgaris. M.P. 205°. It consists of 
bufotalin combined with suberylarginine, 

c 14 h m o 4 n 4 . 

HOOC(CH,) 4 CO • NH • CH • (CH,), • NH - C-NH, 

(!ooh Jh 


The position of the linkage is not certain; 
VVieland has suggested it is with the 
hydroxyl group at C I4 . 

Buhrstone, a variety of chalcedony, used 
for grinding com and other vegetable 
products. 

Buhrstone mill. This is probably the 
oldest type of grinding mechanism still in 
use. It consists essentially of two flat 
round stones, one stationary and the other 
slowly revolving, between wliich is fed the 
material to be ground. The surfaces of 
both stones arc dressed with grooves 
arranged in a definite pattern ; the material 
to be ground is contained for the most part 
in these grooves so that the grinding is 
effected by a shearing rather than a rubbing 
action. These mills are classified as over¬ 
driven or underdriven according to whether 
the lower or the upper stone revolves. 


Bunsen, Robert Wilhelm (1811-1899). 
Bunsen was bom and received his early 
education at Gottingen. Later he studied 
at Berlin, Paris, and Vienna. He held 
various teaching posts prior to his appoint¬ 
ment, in 1852, to the chair of chemistry at 
Heidelberg. His work upon the cacodyl 
compounds first brought him into prom¬ 
inence. With Kirchhoff he introduced the 
spectroscope into mineral analysis, and was 
instrumental in discovering the elements 
carsium and rubidium. See Mem. Lcct., 
J. Chem. Soc., 1900, p. 513. 

Buoyancy balance. This generally con¬ 
sists of a hollow silica globe mounted on 
one arm of a sensitive balance, and counter¬ 
poised by a small massive cylinder. The 
position taken up by the beam clearly 
depends on the buoyant effect of the gas 
surrounding the bulb. The density of a gas 
or vapour may thus be determined by 
observing the pressure at which the gas 
must be maintained in the gas-tight balance 
case in order just to maintain the beam of 
the balance in equilibrium. Alternatively, 
the weight of an object placed on the end 
of the beam remote from the bulb may be 
weighed by noting the pressure of gas 
necessary to preserve equilibrium. Such a 
balance, made entirely of silica, is capable 
of extraordinary precision, and may be 
sensitive to as little as 10 - 11 g. 

Burette. A burette is an apparatus 
used for measuring the quantity of a liquid 
or gaseous substance employed in a chemical 
operation. In volumetric analysis the 
burette generally consists of a vertical tube, 
graduated in fractions of a millilitre, pro¬ 
vided with a tap at the lower end, by 
means of which the amount of liquid which 
is allowed to flow from the graduated tube 
may be controlled. In more precise work, 
a weight burette is employed. It consists 
of a flat-bottomed flask provided with a 
ground stopper, and a narrow side limb 
provided with a ground glass cap. -The 
burette is weighed before and after pouring 
out the requisite amount of liquid from the 
narrow side-limb. 

In gas analysis the burettes are generally 
vertical graduated tubes provided with a 
tap at the upper end. The lower end is 
connected by means of rubber tubing to a 
reservoir containing mercury or water, by 
means of which the pressure on the gas 
enclosed between the tap and the liquid 
surface may be adjusted and ascertained. 
This form of burette was devised by 
Hcmpel. The Bunte gas burette has an 
additional tap at the lower end. 

Burgess, Charles Frederick (1878-1945). 
Bom at Oshkosh, Wisconsin, Burgess studied 



93 


Butyl 


Burnt 

at the University of Wisconsin, where he 
later became professor of chemical engineer¬ 
ing, resigning in 1913. In 1910 he founded 
the Northern Chemical Engineering Labora¬ 
tories, now the C. F. Burgess Laboratories, 
j n c and in 1917 the Burgess Battery Co. 
He carried out many diverse researches, 
notably on the electrolytic production of iron 
and the properties of its alloys, on corrosion, 
and on improvements to dry battcncs. 

Burnt oxide. A steel-grey form of ferric 
oxide, Fc,0„ obtained by strong ignition 
of the red or brown oxide. The ignition 
renders the oxide crystalline and almost 
insoluble in acids. 

Burton, William Meriam (1805- ). 

Born at Cleveland, Ohio, Burton studied at 
the Western Reserve University and the 
Johns Hopkins University. In 1889 he 
joined the Standard Oil Co., and became 
successively general superintendent (1895), 
Vice-President (1915-1918), and President 
(1918-1927). His work in connexion with 
the petroleum industry gained him the 
Willard Gibbs Medal in 1918 and the 
Perkin Medal for 1922. 

Butadiene, Erythrene, Divinyl, 

C.H., CH,: CH • CH : CH„ 

is a colourless gas, B.P. - 5*. Prepared by 
passing the vapours of ay-butylene glycol, 
butylene oxide, or cyclobutanol over heated 
catalysts. It is produced in the cracking ” 
of petroleum. When heated with sodium 
or certain other substances, it polymerizes 
to a rubber-like material. Used for the 
preparation of artificial rubber. 

Butadienes arc unsaturated hydrocarbons 

containing the grouping : C • C: C^. 

The simplest member, butadiene, is a gas ; 
the rest arc colourless liquids which readily 
polymerize to rubber-like solids. They are 
formed by removal of water or halogen 
from suitable glycols or chloroparaffins, and 
are characterized by great reactivity. Com¬ 
bination occurs with either one or two 
molecules of halogens, halogen acids, or 
hypochlorous acid, and also with nitrogen 
peroxide and sulphur dioxide. They are 
identified by their reaction with maleic 
anhydride to give derivatives of tetra- 
hydrophthalic anhydride. See Butadiene 
and Isoprene. 

Butaldehydes, Butyraldehydes, C 4 H g O. 
Normal butaldehyde, CH,CH,CH,CHO, is 
a colourless liquid with a pungent odour. 
D” 0 8048, B.P. 75-4°. Sparingly soluble 
in water; miscible with alcohol and ether. 
Manufactured by reduction of crotonaldehyde 
with hydrogen and a metallic catalyst, or by 


passing the vapour of normal butyl alcohol 
over heated copper oxide. Forms a bisul¬ 
phite compound with sodium bisulphite: 
oxidized to butyric acid. Polymerizes in 
presence of zinc chloride to parabutaldehyde. 
Used in the preparation of rubber accelera- 

CH, X 

tors. Isobutaldehyde, ^CHCHO, is a 

CH,/ 

colourless liquid with a pungent odour. 
D» 0 7938, B.P. 63°-64°/757 mm. 

More soluble in water than the normal 
aldehyde. Prepared by oxidation of iso¬ 
butyl alcohol. Forms a sparingly soluble 
bisulphite compound. It is oxidized in the 
air to isobutyric acid. 

Butane, C 4 H 10 , CH,CH,CH a CH„ is a 
colourless gas with a faint odour, B.P. 
— 0-3°. It occurs in natural gas, and is 
obtained in large amounts during the 
“ cracking ” of petroleum. For chemical 
properties see paraffins. Used in refrigera¬ 
tion plant; it is also compressed in cy¬ 
linders for use as illuminant, or for heating 
purposes. It has a high calorific value. 

Butenes. See Butylenes. 

Butlerow, Alexander Michailowitsch 
(1828-1880), professor in St. Petersburg, 
prepared a number of synthetic hcxoscs 
in 1861 and a variety of tertiary alcohols. 

Butter of antimony. Sec Antimony tri¬ 
chloride. 

Butyl, Normal, n-Butyl-, the radical 
CH,CH,CH,CH,— 

Butyl, Secondary, sec.-Butyl-, the radical 
CH,CH,CHCII,. 


Butyl, Tertiary, tert.-Butyl-, the radical 

CH \ 

CH,—C— 

CH,^ 

Butyl acetates. There are four esters 
corresponding to the four butyl alcohols. 
They are colourless liquids with fruity 
odours: the normal, iso-, and secondary 
butyl acetates arc important solvents for 
cellulose lacquers. Normal butyl acetate, 
CH,CH,CH,CH,0 • OCCH,. 0 8826, 

B.P. 126°. Sparingly soluble in water; 
miscible with alcohols and acetone. Manu¬ 
factured by heating normal butyl alcohol 
with acetic and sulphuric acids. Isobutyl 
acetate, (CH^CHCH^OCCH,. 0 8712, 

B.P. 118°. Slightly soluble in water; 
miscible with alcohols and acetone. Manu¬ 
factured by heating isobutyl alcohol with 
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acetic and sulphuric acids. Secondary 
CH # CH,v 

butyl acetate, >CHO OCCH,. D“ 

CH/ 

0 8018. B.P. 112°-113°. Manufactured by 
heating butylene with acetic and sulphuric 
acids in water. The butylene used for this is 
obtained from the ** cracking ” of petroleum. 
Tertiary butyl acetate, (CH,),CO • OCCH,. 
D 10 0 8058, B.P. 00°. Prepared by heating 
tertiary butyl alcohol with acetic and sul¬ 
phuric acids. 

Butyl alcohols, C 4 II 1(l O. There are four 
alcohols of this formula ; three arc colour¬ 
less liquids with peculiar odours and one is 
a solid. The liquid alcohols are important 
solvents for resins and lacquers ; they arc 
used to prepare butyl acetates, also impor- 
tant lacquer solvents; while other butyl 
esters are used in artificial flavouring 
essences and perfumes. Normal butyl alco¬ 
hol, Butanol-1, Propyl carbinol, 
CH,CH,CH,CH,OII. 

Inhalation of its vapour causes coughing. 

0 801)8, B.P. 117-4°. Slightly soluble 
in water (9 °/ 0 ) I miscible with alcohols 
and esters. Forms constant-boiling mix¬ 
ture with water (B.P. 02-25°), the distillate 
containing 37 °/ 0 water. Manufactured 
by reduction of crotonaldchyde with hy¬ 
drogen and a metallic catalyst; or by the 
fennentntion of grain, potatoes, or molasses 
by Clostridium acetobutylicum; acetone 
and ethyl alcohol arc also produced by this 
fermentation. It forms esters with acids 
and is oxidized first to butaldehydc and 
then to butyric acid. Isobutyl alcohol, 
Isobutanol, Isopropyl carbinol. 


CH, 

>CHCH,OH. 

CH/ 

D u 0 8058, B.P. 108°. Slightly soluble in 
water; miscible with alcohols and esters. 
Occurs in fusel oil, and is obtained from 
it by fractional distillation. Oxidized by 
potassium permanganate to isobutyric acid ; 
dehydrated by strong sulphuric acid to 
isobutylene. Secondary butyl alcohol, Bu- 
tanol-2, Methylethyl carbinol, 

CH,CH. 

>CHOH. 

CH/ 

D 10 0 808, B.P. 100°. Slightly soluble in 
water (12 °/ 0 ); miscible with alcohols and 
esters. Manufactured from the butane- 
butylene fraction of the gas from the 
“ cracking ” of petroleum ; this is led into 
hot sulphuric acid, which converts the 
butylene to butyl alcohol. It is oxidized to 
methylethyl ketone. Tertiary butyl alcohol. 
Trimethyl carbinol, Tertiary butanol. 


CH, 

CH,—COH. 

CII, 

Crystallizes in colourless prisms, M.P. 25-5°, 
B.P. 83°. Soluble in alcohol and acetone. 
Prepared by absorbing isobutylene in sul¬ 
phuric acid, neutralizing, and steam distil¬ 
ling the liquor. It is converted to isobuty¬ 
lene by heating with oxalic acid. Forms 
constant-boiling mixture with water (B.P. 
80°) containing 21-8 °/ 0 water. 

Butylamines, Aminobutanes, C 4 H,,N. 
There arc four of these amines corresponding 
to the four butyl alcohols. They are 
colourless liquids with ammoniacal or fish- 
like odours, miscible with water to give 
alkaline solutions. Normal butylamine, 
1-Aminobutane, 

CH,CH,CH,CH,NH,. 

D“ 0-742, B.P. 78°. Manufactured by 
heating normal butyl alcohol with ammonia 
in presence of silica gel, or by passing 
crotonaldchyde, hydrogen, and ammonia 
over a suitable catalyst. Forms a crystalline 
hydrochloride, M.P. 195°. Isobutylamine, 
1 -aminoisobutanc. 


CH, 

>CHCH,NH t . 

CH/ 

D*» 0 724, B.P. 08-9°. Forms a crystalline 
hydrate, C 4 II U N, 11,0, M.P. 74°. Prepared 
by heating isobutyl alcohol with ammonia 
in presence of zinc chloride. Hydrochloride, 
M.P. 177°-178°. Secondary butylamine, 
2 -aminobutane, 

CH,CH,CH(NII,)CH,. 

D ,# 0 724, B.P. 63°. Occurs in the oil of 
Cochlearea officinalis in optically active (</-) 
form, [a]” + 7-42°. The inactive dl -form is 
obtained by heating secondary butyl alcohol 
with ammonia and a suitable catalyst. 
Tertiary butylamine, 2-aminoisobutane, 
CH,\ 

CH,-^CNH,. 

CH/ 

D“ 0 7004, B.P. 40 4°. 

Butyl cellosolve is a trade name for 
Ethylene glycol monobutyl ether. 

Butyl chloral, Trichlorobutaldehyde, 

C 4 H S 0C1„ CH,CHC1 • CC1, • CHO, 

is a colourless oil with an odour resembling 
that of chloral. D*° 1-3950, B.P. 104°- 
165°/750 mm. Forms a crystalline hydrate 
with water; miscible with alcohol and 
ether. Manufactured by treating butyl- 
chloral hydrate with sulphuric acid. See 
Butylchloral hydrate. 
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Butylchloral hydrate, Trichlorobutylidene 
glycol, C 4 H 7 0 ,CI„ 


Butyrone 


CH,CHC1CCI,CH 


/OH 

'''Oil 


crystallizes in colourless leaflets, M.P. 78°. 
Sparingly soluble in cold water; soluble in 
alcohol. Manufactured by passing chlorine 
into paraldehyde, neutralizing the liquor 
with calcium carbonate and distilling in 
steam. A warm solution of pyrogallol in 
05 % sulphuric acid gives a ruby-red colour 
with butylchloral or the hydrate. It is a 
mild hypnotic and has a depressing action 
on the heart. It is used almost entirely 
for neuralgia and for this purpose is 
frequently combined with gelsemium, cam¬ 
phor, or phenazone. 

Butylenes, Butenes, C 4 H„ are colourless 
gases with unpleasant odours. There are 
three isomers; they are obtained from the 
appropriate butyl alcohol and all three are 
present in the gas from the “ cracking ” of 
petroleum. a-Butylene, Butene-1, 

CH.CH.CH: CH t . 

Prepared by passing the vapour of normal 
butyl alcohol overheated alumina, 0 -Buty¬ 
lene. Butene-2, CH.CH : CHCH,. Prepared 
by heating secondary butyl alcohol with 
sulphuric acid. It occurs in two geometri¬ 
cally isomeric forms. Isobutylene, Isobutene, 
CH,v 

^C:CH,. Prepared by heating ter- 

CH, 

tiary butyl alcohol with oxalic acid. 

For general reactions see olefines. The 
butylenes are used to prepare secondary 
butyl alcohol. 

Butylene glycols, C 4 H l 0 O t . There are 
five glycols of this formula, and three of 
them are capable of existing in optically 
active forms. They arc colourless, rather 
viscous liquids. a-Butylene glycol, 1 :2 
butylene glycol, CHjCH^HfOHlCHjOH. 
D° 1 019, B.P. 192°-194°. Has a sweet 
taste, and is soluble in water, but sparingly 
soluble in ether. Prepared by heating 
1 : 2 dibromobutane with sodium hydroxide 
solution. 0-Butylene glycol, 1 : 3 butylene 
glycol, CH,CH(OH)CH t CH t OH, has been 
obtained in optically active form, [a]”+7-5°, 
B.P. 60°-65°/0'8 mm.; df-form, B.P. 204°. 
Soluble in water; insoluble in ether. 
Manufactured by reduction of aldol or by 
the action of yeast on aldol. Used to 
prepare butadiene. ^-Butylene glycol, 2 : 3 
butylene glycol, CH 3 CH(OH)CH(OH) - CH,. 
The glycol produced by fermentation con¬ 
sists largely of the optically inactive meso- 


form, while the synthetic glycol is mainly 
the optically inactive d/-form. D° 1 048, 
B.P. mMSO*. Soluble in water. Manu¬ 
factured by the fermentation of potato 
mash or molasses by organisms of the 
Aerobactcr and Acrobacillus groups. Used 
to prepare butadiene. a 8 -Butylene glycol, 
1 : 4 butylene glycol, 

CH,(OH)CH,CHjCH a OH, 

has an unpleasant odour of leeks. D° 1011, 
B.P. 202°-203°. Prepared by the reduction 
of succinic dialdehydc. Isobutylene glycol, 
(CH,),C(OH)CH,OH, B.P. 177°. Prepared 
from isobutylene dibromide or chlorohydrin 
by the action of sodium hydroxide solution. 

Butyric acids, C 4 H,0,. There are two 
acids. Normal butyric acid, Ethylacetic 
acid, CHjCHjCHjCOOH, is a colourless 
syrupy liquid with a strong odour of rancid 
butter. D” 0 9590, B.P. 162°. Miscible 
with water, alcohol, and ether; insoluble 
in solutions of calcium chloride. It occurs 
in butter as the glycerol ester. Prepared 
by oxidation of normal butyl alcohol or 
by the fermentation of sugary or starchy 
materials by B. subtilis, Granulobactcr 
saccharobutyricum, and other organisms. 
It is volatile in steam. Boiling with nitric 
acid converts it to succinic acid. Crystalline 
salts are formed with metals and these arc 
soluble in water. The silver salt is only 
slightly soluble. Isobutyric acid. Dimethyl- 
acetic acid (CHj)jCH • COOH, is a colour¬ 
less syrupy liquid with an unpleasant odour. 
D** 0 9503, B.P. 154°. Soluble in five 
parts of water; miscible with alcohol and 
ether. Prepared by the oxidation of iso¬ 
butyl alcohol with potassium dichromatc 
and sulphuric acid. Its crystalline metallic 
salts are more soluble in water than the 
corresponding salts of normal butyric acid. 
y-Butyrolactone, C 4 H,O t , 

CHjCHjCHjCO 


is a colourless liquid with a pleasant odour. 
D° 1-144, B.P. 203°-204°, 89°/12 mm. 
Miscible with water, alcohol, and ether: 
volatile in steam. It is prepared by heating 
silver glutarate with iodine. Converted to 
butyric acid by hot alkalis, and to succinic 
acid by oxidation with chromic acid. 

Butyrone, Di-n-propyl ketone, C 7 II 14 0, 
(CHjCHjCHj) t CO, is a colourless odorous 
liquid. D 16 0 8205, B.P. 144°. Slightly 
soluble in water; miscible with alcohols, 
amyl acetate, and ether. Manufactured by 
heating calcium butyrate. It does not 
form bisulphite compounds; it reacts with 
zinc and methyl or ethyl iodides to give 
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zinc alkyls which arc converted to tertiary 
alcohols by dilute acids. Used as a solvent 
for resins, particularly the glyptal and 
vinyloid resins, and lacquers. 


Butyryl-. Radicals formed from the 
butyric acids by removal of the —Oil 
group. Normal butyryl-, CH,CII,CII a CO—. 
Isobutyryl-, (CH,) 1 CHCO—. 


C 


Cacodyl, C 4 H lt As a , 

CH,v /CH, 

Nas-As^ 

CH/ ' , CH, 

is a colourless liquid with an intensely 
powerful, nauseating odour ; it ignites spon¬ 
taneously in air, B.P. 170’. Insoluble in 
water. Prepared by heating cacodyl chlo¬ 
ride with zinc in an atmosphere of carbon 
dioxide. Reacts with chlorine, sulphur, and 
nitric acid to give cacodyl chloride, sulphide, 
and nitrate respectively. 

Cacodylic acid or Dimethylarsinic acid, 
As(CH,),0 .OH is a colourless, poisonous 
crystalline compound prepared by the 
action of mercuric oxide on cacodyl oxide, 
C 4 H„OAs, under water. Its salts, par¬ 
ticularly the sodium salt, have been used 
in medicine. 

Cadaverine, Pentamethylenediamine, 

H,N (CH,), • NH,. 


A syrupy fuming liquid, B.P. 178°-180°. 
Soluble in water and alcohol. Cadaverine 
is one of the ptomaines, and is found, 
associated with put reset ne, in putrefying 
tissues, being formed by bacterial action 
from the amino-acid lysine. It is found in 
the urine in some cases of the congenital 
disease cystinuria. The free base is poison¬ 
ous, but its salts arc not. 

Cadinene, C,,H„. 


a-Cadincnc. 


0-Cadinene. 



A sesquiterpene of very wide distribution, 
which forms the main component of oil of 
cubcbs. It also occurs in galbanum, cade, 
and other oils. It forms a dihydrochloride 
of M.P. 117°-118°. When purified by 
means of this latter, cadinene has B.P. 
134°-136°/11 mm., d™ 0-9810, 1-5079, 

[a] Mil — 125-2°. The dextrorotatory hydro¬ 
carbon from West Indian sandal-wood 


oil showed B.P. 138°-140°/13 mm., d“ 
0 9200, nj* 1-50934, faj p + 38 72°. 
Cadinene is very stable, and is unaltered 
by heating under pressure at 330°. It is 
isomerized by treatment with acetic acid 
and by other menns, forming isocadincnc, 
which yields no crystalline hydrochloride, 
and has been isolated from cade oil and 
also prepared synthetically from ncrolidol 
and from bisabolinc. 

Cadinol, C,,H tl O. /-Cadinol is present in 
oil of cubebs and d-cadinol in galbanum 
oil. A mixture of cadinols is also found 
in West Indian sandal-wood oil. It is 
a tertiary alcohol which gives cadinene 
dihydrochloridc with hydrochloric acid. 
rf-Cadinol is probably u mixture of 3 
isomcridcs. It has B.P. 155°-150°/12 min., 
d‘‘ 0 9005, n u D 1 5054, [<x] D + 7-7°. 

/-Cadinol has B.P. 153°-155°/10 mm., 
d*° 0 9727, nj* 1-508. [a] M41 - 54°. 

Cadmium, Cd. At. wt. 112-41, At. no. 
48. M.P. 321° C., B.P. 767° C., D - 8 04. 
A soft, bluish-white metal, which “ rustics ” 
on bending. The crystal structure of 
cadmium (and of zinc) is an interesting 
distortion of hexagonal close-packing. For 
a normal hexagonal close-packed structure 
the axial ratio c : a =» 1*633 ; for cadmium 
it is 1-885. The lattice is elonguted in the 
direction of the c axis, suggesting the 
packing of spheroids rather than spheres. 
The result is that instead of having twelve 
equidistant neighbours os in true hexagonal 
close-packing, each cadmium atom has six 
equidistant neighbours in its own plane 
(at 2 973 A.) with three above and three 
below at a greater distance (3 286 A.). 
The cell dimensions are 

a = 2 973, c = 5 605 A. 

Discovered in 1817 by Stromeyer in an 
impure sample of zinc oxide. To the oxide 
he gave the name cadmia. 

Cadmium occurs in the rare mineral 
greenockite, CdS, but the principal sources 
are the zinc ores; blende contains 2 °/ 0 
to 3 °/ 0 Cd, calamine up to 3 °/ Q . The 
average value is less than 0-5 °/ 0 . 

Cadmium is much more volatile than zinc, 
and is found in the first portions of the dust 
collecting in the receivers of zinc furnaces 
(in which zinc ores containing cadmium are 
reduced). The distillate may contain 20 °/ 0 
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or more of Cd as the brown oxide, CdO, 
together with zinc oxide. Finally, the 
product is distilled with charcoal in small 
iron or clay retorts. In America much 
cadmium is extracted from the fumes from 
lead and copper furnaces, and from the vat 
residues in electrolytic zinc refining. 

The vapour density corresponds to the 
atomic form Cd. The metal is used in a 
number of alloys, as an amalgam in the 
Weston Standard cell, and in very thin layers 
as a protective coating on iron and steel. 

Cadmium alloys. Copper containing up 
to 1 7 Cd is used for overhead tramway 
wires. °Aluminium containing 0-5 °/ 0 to 
5 7 Cd is used for casting. Cadmium can 
also° replace tin in antifriction alloys and 
solders. In conjunction with tin and bis¬ 
muth it forms a number of very fusible 
alloys, with melting-points below 100 ° C. 
See Bismuth alloys. 

Cadmium chloride, CdCl„ is obtained by 
dissolving the oxide, hydroxide, sulphide, 
or carbonate in hydrochloric acid. The 
principal hydrate is 2 CdCl„ 5H,O t but 
CdCI„ 411,0 and CdCI„ 11,0 are known. 

The crystal structure of cadmium chloride 
is of the layer lattice type. Each layer 
consists of a sheet of cadmium atoms 
enclosed between two sheets of chlorine 
atoms in such a way that each cadmium 
is surrounded by six chlorine atoms in the 
form of an octahedron. These composite 
sheets, or layers, of the composition CdCI, 
arc held together by relatively weak forces 
leading to a good cleavage parallel to the 
layers which is characteristic of layer lattices 
(cf. graphite). Crystals of cadmium iodide 
arc built of similar layers, but the way 
in which the layers are superimposed differs 
in the two halides. A number of chlorides, 
bromides, and iodides AX, crystallize with 
one or other of these structures, e.g. MgO„ 
ZnCl„ and NiCl, have the cadmium chloride 
structure and MgBr,, FcBr„ and Fel, have 
the cadmium iodide structure. 

The halogen salts are readily soluble in 
water, but are only very feebly ionized in 
solution. Complex ions are produced which 
contain part of the cadmium, such as 
CdCl 4 " and Cdl 4 ". The ionization is in any 
case very small. Cadmium chloride forms 
a number of compounds with ammonia, of 
which the simplest is CdCl„ 6 NH,. 

Cadmium oxide, hydroxide. The hy¬ 
droxide, Cd(OH)„ is precipitated by the 
addition of caustic alkali to a solution of a 
cadmium salt. It is insoluble in excess of 
alkali, but dissolves in ammonia, forming a 
complex hydroxide, Cd(NH,) 4 , (OH),. Igni¬ 
tion of the hydroxide or carbonate, or 
burning the metal in air, gives the oxide 

7 


CdO. The oxide varies in colour from 
brown-red to black, the colour depending 
on the mode of preparation. Heating in 
oxygen is said to give crystalline red to 
black forms. 

Cadmium sulphate, CdS0 4 . Obtained by 
dissolving the oxide, etc., in sulphuric acid. 
The commonest hydrate is 3CdS0 4 , 8 H,O f 
but the compound CdS0 4 , 11,0 is also 
known. On heating the hydrate in vacuo 
to 200 °, in a stream of air containing sulphur 
trioxide, to 700°, and cooling in vacuo, the 
anhydrous sulphate is obtained. 

The sulphate is readily soluble in water, 
but the solution is only very feebly ionized. 
It is said to contain the complex ions 
[Cd,S 0 4 J ++ and [Cd(S 0 4 ),]\ 

Cadmium sulphide, CdS. Obtained as a 
bright yellow precipitate by passing hydro¬ 
gen sulphide into a very weakly acid solu¬ 
tion of a cadmium salt. The colour of the 
precipitate is affected by the acid concentra¬ 
tion, is obtained in a red form from more 
strongly acid solutions, and may on occasion 
be precipitated green. The acid concentra¬ 
tion must not exceed 1-3 N, ns above this 
concentration the sulphide is not pre¬ 
cipitated, even from saturated cadmium 
chloride solution, while complete pre¬ 
cipitation is possible, only if the acidity 
is about 0*3 N. Cadmium is separated from 
copper, in qualitative analysis, by adding 
a slight excess of potassium cyanide to 
the aminoniucal solution. The secondary 
ionisation of the K,[Cu(CN) 4 ] is too small 
to provide a sufficient concentration of 
Cu' ions for the solubility product of 
copper sulphide to be exceeded in a solu¬ 
tion saturated with hydrogen sulphide, 
but the cadmium complex, Cd(CN )" 4 is less 
stable, and cadmium sulphide is precipi¬ 
tated. 

Cadmous oxide, hydroxide. Cadmium dis¬ 
solves in fused cadmium chloride, and on 
treating with water a white precipitate of 
cadmous hydroxide, CdOH, is formed. On 
gentle heating CdOH gives a yellow cadmous 
oxide, Cd t O. A green form of Cd,0 is 
obtained by heating cadmium oxalate and 
distilling off the cadmium in a vacuum. 

CfBsiuin, Cs. At. wt. 132 91, At. no. 55. 
D = 1*90, M.P. 28 45°, B.P. 670°. Cesium 
occurs, together with rubidium, in small 
quantities in certain mineral waters. For 
example, the water from Bourbonnc-les- 
Bains contains 32*5 mg. of cesium chloride 
and 18*7 mg. of rubidium chloride per litre. 
The element was discovered spectroscopically 
by Bunsen in 1861. The richest source of 
cesium is the silicate mineral “ pollux,” 
found on the island of Elba. In general, 
compounds of cesium arc excessively rare. 
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Caesium is ft typical alkali metal, and is 
the most electropositive metal known. The 
compounds of caesium are all very similar 
to those of sodium and potassium. The 
separation of the element always involves 
fractional crystallization, the solubility 
being the principal difference between the 
various salts. 

Cxsiunt compounds emit electrons if 
exposed to light or ultra-violet rays, and 
this property is made use of in the manu¬ 
facture of certain photo-electric cells. 

Caesium chloride. This compound has 
given its name to a very important crystal 
structure type for compounds AX. In the 
structure of cesium chloride the exsium 
ions occur at the corners and the chlorine 



Cxsium chloride structure. 


ions at the centres of the cubic unit cells. 
Each ion is therefore surrounded by eight of 
the opposite kind. A number of halides, 
cyanides, and hydrosulphidcs crystallize 
with this structure, e.g. the low temperature 
forms of CsCl, CsBr, and Csl, and CsCN, 
T1CN, CsSII, etc. It is also the structure 
of a considerable number of alloys, e.g. AgLi, 
IlgTI, MgTI, etc. 

Caffeic acid, 3 : 4-dihydroxy-cinnamic acid, 
C,II,0 4 . Yellow crystals, 

M.P. 195°. Soluble in 
alcohol. It occurs free 
in clematis, and is ob¬ 
tained by the alkaline 
decomposition of certain 
tannins. 

Caffeine, theine, or guaranine. 


C1I: CII • COOH 



C«H, 0 O,N,. H,0, 

(1) CII,. N-CO 

io <Ln< CH * (7) 
I I >CH 
(3) CH, . N-C—N' 


is 1:3:7-trimethylxanthine, an alkaloid 
occurring in tea, coffee, and guarana, from 
which it may be extracted, but it is also 
largely prepared synthetically. It is an 
extremely weak base, and docs not respond 
to the usual alkaloidal reactions. Caffeine 
is used as a cardiac stimulant, and is a 
common ingredient of headache remedies, 
being used to counteract the depressing 
effect of such substances as aspirin and 
phenacetin. 

Cahours, Auguste (1813-1891), professor 
of chemistry in Paris, discovered amyl 
alcohol and allyl alcohol, anisolc, and tin 
tetraethyl. 

Cailletet, Louis Paul (1832-1913). Born 
at Chatillon-sur-Scine, Cailletet worked in 
his father's ironworks. Throughout his 
lifetime he was an enthusiastic research 
worker, particularly upon the liquefaction 
of gases. In 1877 he liquefied oxygen and 
later hydrogen, nitrogen, and air. 

Cairngorm. See Quartz. 

Cajuputol. See 1 : 8-Cincolc. 

Calamine. Zinc carbonate, occurring 
naturally as a mineral, is called calamine 
in Britain and smithsonite in America. 
Hydrated zinc silicate, ZnSi0 4l II,0, is 
called electric calamine in Britain and 
calamine in America. 

Medicinal calamine is a basic zinc car¬ 
bonate, suitably coloured with ferric oxide. 
It was formerly prepared from the native 
carbonate, but is now obtained by pre¬ 
cipitation. It is used, cither in lotions or 
as the powder, for sun-bum, sore skins and 
dermatitis. 

Calciierol- Sec Vitamin-D. 

Calcite—a form of calcium carbonate 
(CaCO,) which occurs ns colourless, white, 
or grey hexagonal crystals and as amorphous 
grains. In the massive condition it forms 
limestone, marble, chalk. The crystals 
have many local names, including calc- 
spar, Iceland spar, dog-tooth spar. The 
crystal structure resembles that of a cube 
which has been deformed into a rhombo- 
hedron, with all the edges equal (8 028 A.) 
and the angle 101° 54'. The unit crystal 
lattice corresponds to Ca 4 C 4 0„ and is not 
identical with the rhombohedron produced 
by cleavage. H = 3 ; sp. gr. = 2-75 ; 
ref. index c = 1-480, u> = 1-658. Calcite 
is rapidly attacked by most acids, liberating 
carbon dioxide gas. It is a poor conductor 
of electricity. The clear crystals show 
marked double refraction and very marked 
cleavage in three directions. Calcite is 
distinguished from aragonite by its crystal¬ 
line form and by not being coloured red 
on l>oiling with cobalt nitrate. 
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Calcium. Ca. At. no. 20. At. wt. 40-08. 
A white, malleable metal. D t 1-545. M.P. 
810° B P. 1175° At ordinary temperatures 
metallic calcium crystallizes with.theface- 
centred cubic structure (a = 5 o6 A.), but 
at temperatures above 450° C. changes over 
into a close-packed hexagonal structure. 
a = 3 08, c = 6-52 A. Calcium does not 
occur native, but its compounds are distri¬ 
buted extensively throughout the earth. 
The most abundant is the carbonate CaCO,, 
occurring in massive form as limestone, 
chalk etc. In combination with magnesium 
carbonate it forms dolomite. Gypsum is 
naturally occurring calcium sulphate, 
CaSO.. 2H.O. 


Phosphates, silicates, and halides also occur 
naturally. 

The metal is obtained by the electrolysis 
of the fused chloride. Technically, a 
fused mixture of 100 parts CaCI,. together 
with 16-5 parts of fluorspar, CaF, (to re¬ 
duce the temperature of fusion) is used. 
Since the main difficulty is for the calcium 
to form a suspension in the chloride the 
electrolysis is performed in a bath made 
from blocks of carbon, which serve as the 
anode. The cathode is slowly screwed 
up ns the calcium accumulates and the 
calcium is drawn out into the form of an 
irregular rod, 20-30 cm. in diameter, 
protected from oxidation by a layer of 
chloride. The metal is obtained pure by 
sublimation or distillation in vacuum. 
Pure calcium may be made directly by 
elcctrothermic reduction of the oxide by 
carbon, the metal so obtained remaining 
untarnished in air for several days. 

Calcium is a soft, silvery, malleable metal; 
it tarnishes rapidly on contact with the air, 
and combines directly with halogens, 
sulphur, etc. It burns in oxygen with the 
formation of the oxide CaO. It reacts 
violently with water, although the pure 
metal is only slowly attacked by fuming 
nitric acid. 

Although the quantity of calcium used 
industrially is small, it is increasing. The 
metal is used in some valves, and in small 
proportions in certain bearing alloys. 

Calcium acetate, Ca(C t H,O t )„ H t O. Colour¬ 
less needles, soluble in water. It effloresces 
at low temperatures and becomes anhydrous 
at 100°. It is prepared by neutralizing 
acetic acid with lime or calcium carbonate, 
and is used in the preparation of other 
acetates and in calico printing. 

Calcium aluminates, compounds of cal¬ 
cium, aluminium, and oxygen which may 
be regarded as salts in which the lime plays 
the part of a base and the alumina that of 


an acid. There arc four important calcium 
aluminates : (i) mono-calcium aluminate, 
CaO, Al,0„ M.P. 1387°; (ii) tn-calcium 
aluminate, 3CaO, Al,O a ; (Hi) penta-calcium 
aluminate, 5CaO, A1,0„ M.P. 1387° ; and (iv) 
tri-calcium penta-aluminate, 3CaO, 5Al a O,. 
A variable mixture of calcium aluminates, 
with 3CaO, AljO,, largely preponderating, 
forms ciment fondu ; they arc also present 
in Portland cement, and to a very small 
extent in some glasses and slags. 

Calcium carbide, CaC.. Discovered by 
Wohler in 1802. Prepared on a large scale 
by Moissan’s process. A mixture of 2 parts 
coke with 3 parts quicklime is heated to a 
very high temperature in a closed electric 
furnace. The furnace is constructed of 
fireclay lined with gas-carbon, with a 
graphite block in the base forming one 
electrode. The other electrode is a sus¬ 
pended carbon block. A furnace is divided 
into several compartments. An arc is 
struck between the electrodes, and at the 
high temperature reaction occurs with the 
formation of fused carbide, which is tapped 
off, cooled, and broken into pieces in a 
jaw-crusher. The commercial product is a 
greyish-black strong mass and is used 
extensively in the production of acetylene. 
The pure compound, obtained by heating 
calcium hydride in acetylene, consists of 
colourless transparent crystals. The struc¬ 
ture of these crystals is of some interest in 
relation to the chemical properties of the 
compound. It consists of Ca** and CJ" 
ions arranged in n similar way to the sodium 
and chlorine ions in sodium chloride, the 
e axis being elongated and the symmetry 
falling to tetragonal (a = 3 87, c a 0 37 A.). 
The presence of the C—C groups in the 
crystal accounts for the formation of acety¬ 
lene on hydrolysis. 

Calcium carbonate, CaCO,. Occurs natur¬ 
ally to an enormous extent. It is dimor¬ 
phous, crystallising in the hexagonal 
system as calcitc, and in the rhombic 
system as aragonite. In the massive form 
calcite occurs as marble, limestones, calc- 
spar, and chalk. Aragonite occurs in coral. 
In combination with magnesium carbonate 
it forms dolomite, MgCO,, CaCO,. 

Calcium carbonate precipitated from cold 
lime-water by carbon dioxide has the calcite 
structure; from hot lime-water crystals of 
aragonite arc produced. Calcite is the 
stable form at the ordinary temperature 
and pressure. Above 400° aragonite is 
transformed into calcite. 

Calcium carbonate is soluble in water 
containing carbonic acid, owing to the 
formation of the acid carbonate Ca(HCO,),. 
One litre of water dissolves 13 mg. calcitc, 
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or in the presence of carbon dioxide 100 
times ns much. 

Calcium chloride, CaCl,. This occurs 
naturally as tachydritc, CaCl,, 2MgCI„ 
12H,0, nnd in sea and mineral waters. Is 
prepared by dissolving the carbonate or 
oxide in hydrochloric acid. From the 
aqueous solution crystals of the hexa- 
hydratc CaCl,, 6H,0 (M.P. 30°) separate. 
On heating to 200°, water is evolved and a 
white porous mass of the dihydrate remains. 
On heating to 400° in a stream of hydro¬ 
chloric acid gas and cooling in nitrogen the 
anhydrous salt is obtained. The tetra- and 
mono-hvdratcs are also known. Calcium 
chloride is very soluble in water and alcohol, 
the concentrated solutions having low 
freezing-points. A solution containing 30 
gm. CaCl, in 100 gm. H,0 freezes at — 50°. 

The anhydrous chloride reacts with dry 
ammonia to give the scries of compounds 
CaCl t , nNH,, where n 1, 2, 4, 8. With 
methyl and ethyl alcohols the compounds 

CaCl t , 3MeOH, CaCl,, 4McOH, 

CaCl,, 3EtOH, and CaCl a .4EtOH 

are formed. 

Large quantities of calcium chloride are 
formed as a by-product of the ammonia- 
soda process. The solutions, known as 
“ brine," arc used in refrigerating plants. 

Calcium citrate, (C 4 H 4 0,),Ca„ 411,0. 
White needles, very sparingly soluble in 
cold water, less soluble in hot. Crude 
calcium citrate, made by treating lemon 
juice with lime or calcium carbonate, is 
used industrially in the preparation of pure 
citric acid, which is made by treating the 
calcium salt with sulphuric acid. 

Calcium felspars, fclspathic minerals con¬ 
taining lime as their chief base. The most 
important arc anorthitc, CaO, AJ t O„ 2SiO,, 
and the various plagioclasc felspars, the 
base in the latter consisting partly of soda 
and partly of lime. 

Calcium formate, (CHO,),Ca. Colourless 
rhombic crystals, soluble in water (1 in 8). 
It is used medicinally for its tonic action on 
muscle, nnd has been found useful for 
hiemorrhages. 

Calcium fumarate, C 4 II,0 4 Ca, 3H t O. The 
calcium salt of fumaric acid. It crystallizes 
in colourless rhombic crystals, soluble up 
to 2 % in cold water. 

Calcium gluconate 

[CHjOH • (CHOH) 4 • COO],Ca,H,0. 

A white powder, soluble in 30 parts of 
cold water and 5 parts of boiling water, 
insoluble in alcohol. Prepared from 
glucose by oxidation and a calcium salt. 
It is used medicinally both orally and by 


injection in cases of calcium deficiency and 
for certain other conditions. 

Calcium glycerophosphate, 

CaC a IU(0H),PO 4 ,2II,0. 

A white powder, soluble in about 50 parts 
of water, insoluble in alcohol. Prepared 
from glyccrophosphoric acid. It is ad¬ 
ministered for neurasthenia and debility 
and is a constituent of many proprietary 
nerve tonic foods. 

Calcium halides, CaX,. Of these the 
chloride is the most important. The 
fluoride, CaF„ occurs naturally as fluor¬ 
spar, one of the principal sources of fluorine. 
Is used to lower the melting-points of fused 
calcium chloride and cryolite baths in the 
preparation of calcium and aluminium, 
respectively. The bromide and iodide arc 
both very similar to the chloride, forming 
scries of hydrates, and compounds with 
ammonia and methyl and ethyl alcohols. 

Calcium hydride. Call,, is a white solid, 
prepared by passing hydrogen over metallic 
calcium at a temperature of 400°-500°. 
It gives off hydrogen on treatment with 
water, nnd has been used for this purpose 
under the name of " hydrolith.” It is also 
used as a reducing agent in metallurgical 
processes. 

Calcium hydroxide, slaked lime, Cn(OH),. 
Calcium oxide reacts vigorously with 
water with the evolution of much heat nnd 
theformation of calcium hydroxide, Ca(OH),. 
If quicklime is treated with just sufficient 
water so that it crumbles to a fine, dry, white 
powder, slaked lime is produced. On 
shaking the paste, formed from quicklime 
with excess of water, with water, a suspen¬ 
sion called milk of lime is formed. A clear 
solution of the hydroxide in water is known 
as lime-water. 

Slaked lime is used chiefly in the prepara¬ 
tion of mortar. This consists of a thick 
paste of slaked lime with three to four times 
as much sand as quicklime originally taken. 
Lime made from magnesian limestone 
slakes slowly and gives a powdery mixture 
with water; it is called a “ poor lime ” as 
distinguished from a 44 fat lime,” which 
gives a paste with water. The hardening 
of mortar consists in the evaporation of the 
moisture, or its absorption in the bricks, 
and the slow conversion of the hydroxide 
into carbonate by atmospheric carbon 
dioxide. No combination between the lime 
and the silica occurs. 

Calcium lactate, 

(CH, • CHOH • COO), Ca,5HjO. 

A white powder soluble in 18-5 parts of 
water, slightly soluble in alcohol. Medi¬ 
cinally it is probably the most widely 
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used calcium salt. It is often prepared 
as an cquimolccular mixture with sodium 
lactate, known as calcium sodium lactate, 
in which form the calcium is said to be 
more readily assimilated. 

Calcium nitrate, Ca(NO,) t . This is formed 
by neutralizing nitric acid with limestone, 
or by passing oxides of nitrogen into milk 
of lime, until the nitrite in the mixture is 
decomposed. The salt forms very deli¬ 
quescent monoclinic crystals, 

Ca(NOj)t, 4H,0, 


soluble in alcohol. This salt is present 
in the soil, and serves as a plant food. 

Calcium oxalate, CaC,0 4 . Colourless cubic 
crystals, insoluble in water. Soluble in 
hydrochloric acid, but not in acetic acid. It 
is precipitated with one molecule of water of 
crystallization on adding a calcium salt to 
an oxalate. It becomes anhydrous at 180° 
and reabsorbs water on exposure to air. 
On gentle ignition it gives calcium carbonate 
and on heating to redness calcium oxide. 
It is widely distributed in the vegetable 
kingdom, occurring in rhubarb and other 
plants, frequently os small crystals. The 
least soluble of the calcium salts, it is used 
in the estimation of calcium. 

Calcium oxide, quicklime, CaO. White 
amorphous material, d ■■ 3-3, M.P. 2570°. 
Crystallizes with the sodium chloride 
structure. Produced by heating calcium 
carbonate to a dull redness (550°). The 
reaction is reversible : CaCO, ** CaO + CO,. 
If the carbon dioxide is swept away by a 
current of air, dissociation goes on until the 
reaction is practically complete. 

This method is used in the manufacture 
of quicklime from limestone or marble, the 
process being known as lime-burning. 

In Derbyshire the lime-kiln is filled with 
blocks of limestone and an arch of lumps of 
the stone is built over the fire below, the 
fuel being kept separate from the stone. 
The burning takes thirty-six to forty-eight 
hours, when the kiln is allowed to cool and 
the lumps of quicklime removed. This 
process is wasteful in fuel, but produces a 
very pure lime—Buxton lime contains 
98 % CaO. 

In the continuous lime-kilns, the lime 
works its way gradually down the kiln, and 
is withdrawn at the base. These kilns are 
sometimes fired by producer gas. 

Pure calcium oxide is prepared by heating 
Iceland spar with a blow-pipe in a platinum 
crucible. 

Lime resists the temperature of the oxy- 
hydrogen blow-pipe without more than 
sintering, and is therefore used in making 
furnaces for fusing platinum. 


The principal use of lime is, as slaked 
lime, in the preparation of mortar. 

Calcium peroxide is formed as me 
hydrate, CaO,, 8H t O, by precipitating lime- 
water with hydrogen peroxide. *rom con¬ 
centrated solutions, or above 40°, anhydrous 
CaO, is precipitated. It is manufactured 
by compressing slaked lime and sodium 
peroxide, and washing with ice water. It 
is used as an antiseptic. 

Calcium phosphates. The orthophosphate, 
Ca,(P0 4 ) t , is formed as a white flocculent 
precipitate by adding sodium phosphate, 
Na,HP0 4 . to a solution of calcium chloride 
made alkaline with ammonia. The preci¬ 
pitate is nearly insoluble in water, but is 
soluble in the presence of carbon dioxide. 
A suspension in water is converted by 
boiling into an insoluble basic and a soluble 
acid salt. 

Calcium hydrogen phosphate is formed 
by mixing solutions of calcium chloride 
and sodium phosphate ; the precipitate is 
hydrated CaHP0 4 ,2H,0. 

By dissolving cither of the preceding 
salts in aqueous phosphoric acid, crystals 
of tetrahydrogen calcium phosphate, 

CaH 4 (P0 4 )„ H t O, 

arc obtained on spontaneous evaporation. 

Calcium polysulphides. Sulphur dissolves 
in hot milk of lime or in solutions of the 
hvdrosulphidc with the formation of a 
reddish-yellow solution, probably containing 
the sulphides between CaS, and CaS,. A 
compound of the tetrasulphide with hexa¬ 
methylenetetramine CaS 4 , 10H,O, 2C 4 II„N 4 
has been isolated; a similar compound 
containing CaS 4 is also known. Basic 
polysulphides have also been isolated, 
CaS 4 , 4CaO, 18H,0 and CaS,, 3Ca(), 14H,0 
crystallize in orange prisms. 

Calcium succinate, C 4 H 4 0 4 Ca, 311,0. The 
calcium salt of succinic acid. Colourless 
crystals, soluble up to 1 J % in cold water, 
less soluble in hot. 

Calcium sulphate, CaS0 4 . Occurs as 
anhydrite in limestone or rock-salt, or 
more commonly as the dihydrate gypsum, 
CaS0 4 ,2H,0. The transparent form of 
gypsum is called selenite, the fibrous form 
satin spar, and the opaque form alabaster. 

Anhydrous calcium sulphate exists in 
two forms : (a) natural anhydrite or the 
substance formed by dehydrating gypsum 
at red heat, both practically insoluble; 
(6) a soluble form produced by dehydrating 
gypsum at 60°-90° over phosphorus pent- 
oxide. The soluble form combines rapidly 
with moisture, “ setting ” to a hard mass 
with water, with the production of the 
hemihydrate 2CaSQ 4 , H ; 0. 
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The hcmihydratc 2CaS0 4 , H t O, also 
formed by heating gypsum to 128°-130% 
is known as 44 plaster of Paris." When 
mixed with water heat is evolved, and the 
mass quickly solidifies, expanding slightly; 
it is therefore used for making plaster casts 
in moulds. Estrich plaster is produced by 
heating gypsum to over 400°; this sets 
slowly and is used to produce smooth hard 
surfaces. Precipitated calcium sulphate is 
the dihydratc, and crystallizes from super¬ 
saturated solutions in long needles. It is 
formed by adding sulphuric acid to a 
CaCl, solution. It is used under the name 
of 44 pearl-hardening *’ for filling glazed 
paper. 

Calcium sulphide, CaS. This is formed 
as alkali waste in the Leblanc process, or 
by heating gypsum with charcoal at 1000°. 
Is easily obtained by passing hydrogen sul¬ 
phide into lime-water; it is only sparingly 
soluble, but dissolves in presence of excess 
H,S with the formation of the hydro- 
sulphide, Ca(HS),. 

Calcium sulphite, CaSO„ is formed as a 
white precipitate by passing sulphur dioxide 
through lime-water, or by adding a sulphite 
solution to one of CaCl,. It dissolves in 
excess of sulphurous acid with the formation 
of Ca(IISOj),. Solutions of calcium bisul¬ 
phite are used for sterilizing purposes and 
for dissolving the lignin in wood pulp in 
paper manufacture. The sulphite solutions 
on standing deposit crystals of the dihy¬ 
dratc CaSOj, 211,0. 

Calcium superphosphate. A mixture of 
tetrahydrogen calcium phosphate, 

CaH 4 (P0 4 )„ 

and gypsum, known as superphosphate of 
lime, is prepared for use as a fertilizer. 
Ground calcium phosphate in the form of 
bone ash, etc., is macerated with two-thirds 
of its weight of sulphuric acid. The reaction 
is carried out in a mixer, consisting of a 
horizontal cast-iron cylinder with revolving 
blades inside. The mixture issues in a 
nearly fluid state and drops into pits, 
which arc half-filled and then closed. After 
standing for several days, the super¬ 
phosphate is removed, powdered in a 
crusher, and carefully dried by hot air in 
long brickwork chambers. 

Calcium tartrate, C 4 H 4 0 4 Ca, 4H,0. The 
calcium salt of d tartaric acid. Crystal¬ 
lizes in colourless rhombic prisms or 
pyramids, insoluble in water. It occurs 
with potassium hydrogen tartrate in argol 
and lees. 

Caldwell, George Chapman (1834-1007), 
Bom at Framingham, Massachusetts, 
Caldwell studied at Harvard and Gottingen. 


After short [>eriods at Columbia College and 
Antioch College, he became professor of 
chemistry at the State Agricultural College 
of Pennsylvania. In 1808 he was appointed 
professor of agricultural chemistry at 
Cornell University, where he was for 20 
years Head of the Department of Chemistry, 
retiring as professor-emeritus in 1002. Ilis 
book on agricultural chemical analysis was 
the first in the English language on this 
subject. He was President of the American 
Chemical Society in 1802. 

Caledon dyes. A general term applied 
to a group of vat dyestuffs of the anthra- 
quinone type, introduced by Scottish Dyes 
Ltd. during the war of 1014-18. For in¬ 
dividual members of the group, see Thorpe 
and Linstead's 44 Synthetic Dyestuffs.” 

Calgon. See Hcxametnphosphatcs. 

Caliche. Impure sodium nitrate (Chili 
saltpetre). 

Callow cone. The Callow settling cone 
is very similar to the Allen type. It 
consists of a conical tank with nn apex 
angle of 00°, feed enters at the surface 
through a partially submerged feed well, 
clear effluent overflows into a peripheral 
trough, nnd the thickened sludge is removed 
at the base of the tank through a plug 
valve, goose-neck siphon, or some other 
suitable outlet. 

Callow flotation cell. This plant utilizes 
the froth flotation method for the separa¬ 
tion of certain constituents, notably sul¬ 
phides, from mineral pulps. The froth is 
formed by addition of a suitable reagent 
and blowing with compressed air, is removed 
from the cells, of which there arc usually 
two in series, allowed to settle, nnd Altered 
to give a concentrate which may be passed 
direct to the smelters. 

Calomel. See Mercurous chloride. 

Calomel electrode. The hydrogen elec¬ 
trode is not easy to use os a general standard 
for laboratory use, and it is often replaced 
by a calomel electrode which has a constant 
potential known in terms of that of the 
hydrogen electrode. It consists of a pool 
of mercury covered with a paste of mer¬ 
curous chloride (calomel), and mercury, 
in contact with a standard solution of 
potassium chloride saturated with mer¬ 
curous chloride. The potential of the cell 
i9 developed on the mercury, and a suit¬ 
able contact is made with it by means of a 
platinum wire. Three types of calomel 
electrode have been used, viz., with 0-1 N, 
1-0 N and saturated potassium chloride. 
Their respective potentials in volts on the 
hydrogen scale, at 25° C. are as follows : 

— 0 3338, — 0-2800, - 0-2415. 
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Calorific value. The calorific value of a 
substance is the amount of heat, usually 
expressed in the form of large or kilo¬ 
gramme calories, given out on the complete 
combustion of one gram of the substance. 
The value is of importance chiefly for fuels 
and foodstuffs. The calorific value of food- 
stuffs represents the energy value of the 
food, and hence is of importance ivhen 
working out diets. That of carbohydrates 
is taken as 41 calones per gram, and of 
fata 0-3 calories per gram. That or 
proteins is about 5-7 calories pei:pam, 
hut proteins are not completely oxidized in 
the body and the physiological heat value 
for proteins is taken as 41 calones per 
grain. 

Calorific value o! coal. The determination 
of this figure is carried out by burning a 
compressed coal sample in an atmosphere 
of compressed oxygen in a heavy metal 
cylinder called a “ bomb.” The sample is 
ignited by means of an electrically heated 
wire, and the heat evolved on burning is 
imparted to a known weight of water in a 
calorimeter. In this method a further 
quantity of heat is obtained by allowing 
the steam to condense, but actually in 
practice the waste gases rarely fall low 
enough to permit this. The higher cal¬ 
orific value obtained by this method is 
called the Gross Calorific Value. The Nett 
Calorific Value would be the Gross C.V.— 
heat of condensation of the water formed 
by the combustion of the hydrogen in the 
coal. 

Calorizing is the process for coating or 
impregnating a surface of steel, iron, copper, 
etc., with aluminium. The article to be 
treated is packed in aluminium powder 
mixed with alumina and heated to about 
1000° in a current of hydrogen. Articles 
so treated show a high resistance to many 
corrosive materials, and are not easily 
oxidized at high temperatures. 

Calumba consists of the dried, trans¬ 
versely cut slices of the root of Jateorhiza 
palrruita, a plant growing in East Africa. 
It contains three alkaloids, columbamine, 
palmatinc, and jateorhizine, which have 
bitter tonic properties. The infusion and 
tincture are used as adjuncts to dyspepsia 
mixtures. 

Cameron, Alexander Thomas (1882-1947). 
Bom in London, Cameron studied at 
Edinburgh, London, Karlsruhe, and Heidel¬ 
berg. In 1909 he became lecturer in 
physiology at the University of Manitoba, 
and in 1923 professor of biochemistry 
in the Faculty of Medicine. 
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The parent hydrocarbon of the camphor 
group. It is obtained by suitable reduction 
of bomvl chloride or isobornyl chloride with 
sodium in alcoholic solution, or of bornyl 
iodide with zinc dust in acetic-hydnodic 
acid. It crystallizes in six-sided plates of 
M.P. 153°-154°, B.P. 160®-161®, is very 
volatile and smells like bomeol. It is 
optically inactive, and is chemically very 
inert. 


Camphene, C 10 H„. 


CII. 



/-Camphene is present in citronella and 
valerian oils, and in French and American 
turpentine, nnd the d-fonn in ginger, 
rosemary, and spike oils. It is produced 
artificially by the elimination of hydrogen 
chloride from bornyl chloride (artificial 
camphor), or from isobornyl chloride, by 
the dehydration of bomeol and isoborncol, 
and by the action of acetic anhydride on 
bornylaminc. Optically active camphene is 
obtainable by these methods by which, for 
example, d-bornyl chloride yields /-cam- 
phene. Camphene is a crystalline solid of 
M.P. 51°-52°, B.P. 158 5°-159-5°, dj 4 
0-84224, rip 4 1-5514. It has probably not 
been prepared in an optically pure state, 
but values [a) D + 103-9° and - 84-9° (in 
ether) have been recorded. On oxidation 
camphene gives a variety of products 
according to the conditions, including 
camphor, a dibasic acid, camphenic acid, 
C 10 H„O 4 , and an isomeric hydroxy-acid, 
camphenylic acid. 

Camphor, C 10 H ie O. 
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Camphor occurs naturally in the d-, /- and 
///-forms. Ordinary commercial camphor is 
//•camphor, from the wood of the camphor 
tree, Cinnamonum camphora, mainly from 
Formosa. /-Camphor occurs in the oil 
from the leaves of Blumea baLsamifera and 
///-camphor in the oil from Chrysanthemum 
sinensc vnr. japonicum. Camphor is of 
great technical importance, being used in 
the manufacture of celluloid and explosives, 
and for medical purposes. It is not only 
obtained from natural sources, but is also 
manufactured, using pinene as the raw 
material. The camphor produced arti¬ 
ficially is known ns synthetic camphor, and 
is usually optically inactive. In the process 
of manufacture pinene is first converted 
into bornyl chloride by hydrochloric acid; 
this is then converted into camphene, which 
is either directly oxidized to camphor or is 
hydrated to form isoborneol, which is then 
oxidized to camphor. Camphor crystallizes 
in thin plates, and sublimes readily at the 
ordinary temperature. It has M.P. 178-5°- 
170°, B.P. 209 1°, d 0 1 000. Optically 
active camphor retains its optical activity 
in the solid, liquid, and gaseous forms. Its 
optical activity varies with the solvent 
and with the concentration of the solution. 
In ethyl alcohol [x] ± 44-22° (e - 20). 
Camphor cun be identified by the prepara¬ 
tion of the oxime, M.P. 110 5°, or the semi- 
carbnzonc, M.P. 245°. On gentle oxidation, 
for example, with nitric acid, it forms a 
dibasic acid, camphoric acid, C, 0 H„O 4 . 
On reduction, for example, with an alco¬ 
holic solution of sodium hydroxide, it forms 
borncol. On dehydration, for example, 
with phosphorus pentoxide, it forms 
;;*cymenc. A large number of camphor 
derivatives have been prepared, including 
halogen, nitro and hydroxy derivatives and 
sulphonic acids. 

Camphor is much used medicinally as a 
carminative and stimulant. It is injected 
in olive oil solution in cases of collapse in 
fevers. It is a popular remedy for colds 
and is a constituent of many linaments. 
Camphorated oil is a 20 % solution in 
olive oil. 

Camphor monobromide, 3-bromocamphor, 
C, 0 H 15 BrO. Colourless prismatic needles, 
M.P. 74°-70°, B.P. about 274°. Insoluble 
in water, soluble in 12 parts of alcohol. 
Prepared by the action of bromine on 
camphor. It possesses sedative and hyp¬ 
notic properties. It is usually adminis¬ 
tered in capsules or in oily solution, but 
may be injected in solution in olive oil. 


a-Camphorene, C, 0 H„. Probably 
CII, 

IICj 
(CH, 

iic/Ncii, 

II.cMciI, 

HC CKI: C(CH,), 


X * 

IIC/XciI, 
[,),c c 


ll t C: 



", 
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A monocyclic ditcrpcnc found in the high 
boiling fraction of camphor oil, B.P. 0 mm. 
177°-178°, d M 0 8870, n D 1-50339. Opti¬ 
cally inactive. Yields a tetrahydrochloride, 
C*,",,. 4HC1 of M.P. 120°-131°. Him been 
synthesized by the union of 2 mols. of the 
monoterpene, myrccne. On boiling with 
05 % formic acid, it is converted into a 
hydroanthraccnc derivative. 

Canada balsam. An olcorcsin obtained 
from the pine Abies bnlsamca. It is a pale 
yellow viscous liquid, soluble in most 
organic solvents. Dissolved in xylene, it is 
used for mounting microscope slides. 

Canal rays. Sec Positive rays. 

Canaline, C 4 H 10 O,N,. 

NH, • O • CH, CH, • CH • COOH 

I 

NH, 

An amino-acid, formed, together with urea 
by the action of the liver enzyme cana- 
vanase on canavanine. 

Canavanine, C 4 H„0,N 4 . 

HN. 

>C NH O CH, CH, CH COOH 
H,N' 

NH, 

An amino-acid, M.P. 184°, isolated from 
jackbean meal. Soluble in water and hot 
alcohol, (a)” -f 8-09°. It is split by the 
action of the enzyme canavanase in the 
liver to urea and canaline. See Gulland 
and Morris, J.C.S., 1935, 138, 703. 

Cane sugar. See Sucrose. 

Cannabis indica. See Indian hemp. 

Cannizzaro, Stanislao (1820-1910). A 
student of both medicine and chemistry 
and an ardent patriot, Cannizzaro shared in 
the Rebellion of 1847 and, in 1800, while 
professor at Genoa, he joined Garibaldi and 
his famous Thousand. In 1801 Cannizzaro 
became professor of chemistry at his native 
town of Palermo, and in 1872 at Rome. A 
brilliant organic chemist, his most memor¬ 
able achievement was the elucidation of the 
meaning and importance of . Avogadro’s 
hypothesis. See “ Mem. Lect,” J. Chem. 
Soc., 1012, p. 1077. 
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Cannizzaro reaction. T»o molecules of 
certain aldehydes, under the influence of 
dilute alkalis, will interact, so that one .s 
reduced to the corresponding alcohol, while 
the other is oxidized to the acid; thus, 
bcnzaldehyde gives benzyl alcohol and 
benzoic acid. This change is also known as 
dismutation. Most aldehydes behave in 
this manner under suitable conditions, but 
those aldehydes which contain the 
_CHjCHO grouping usually tend to under¬ 
go the aldol condensation when treated 
with dilute alkalis. Dismutation occurs 
with these aldehydes, as well as with most 
others, by the influence of the acetic acid 
bacteria, or by living tissues such as liver 
or spleen. Aluminium ethoxide or iso- 
propoxide also induces dismutation and 
carries it a stage further, so that the ester 
is produced by union of the acid and the 
alcohol. Raney-nickcl has been found to 
act as a catalyst for the dismutation of 
aldehydes in alkaline solution. 

Cantharidin, C, 0 H„O 4 . 

Colourless plates, M.P. 

218°, but begins to sub¬ 
lime at about 84°. 

Practically insoluble in 
water, slightly soluble 
in alcohol. Soluble in 
alkalis. It is the active 
principle of the dried beetle Cantharis 
vesicatoria, found in Southern Europe, and 
other insects, from which it is prepared by 
extraction. It is used for blistering the skin 
to withdraw fluid, in warming plaster, 
which contains 0 02 %, and for stimulating 
the growth of hair. 

Caoutchouc. Rubber, particularly the 
rubber hydrocarbon. The hydrocarbon has 
the empirical formula C,H„ and appears 
to be a polymer of isoprene, the structural 
formula probably being 


CH CH, 
CH^hc^CO 

cL,| 


CH, • C(CH,): CH • CH, • (CH, • C(CH,): 

CH • CH,) X • CH, • C(CH,) : CH • CH,. 
X-ray examination shows that caoutchouc 
is amorphous, but that it becomes “ crystal¬ 
line ” on stretching or freezing. For a 
critical account of certain physical proper¬ 
ties of rubber see “ Values of the Physical 
Constants of Rubber,” L. A. Wood, paper 
presented at the Rubber Technology Con¬ 
ference, London, 1938. Caoutchouc can 
undergo chemical reactions; see halo- 
genated rubbers, chlorinated rubber, hydro¬ 
genated rubber, rubber hydrochloride, 
rubber oxidation products, rubber isomers, 
and thermoprencs. 

Caoutchoucene. A liquid obtained by 
distilling rubber and consisting largely of 


isoprene. It can be used as a denaturant 
for alcohol and is a solvent for rubber. 

Capillary active substance. Substances 
such as the soaps and other molecules 
which have polar groups at the end of a 
long hydrocarbon chain arc strongly ad¬ 
sorbed at interfaces, and cause a consider¬ 
able lowering of the interfacial tension even 
when in low concentration ; they are said 
to be capillary active. 

Capillary condensation. When a substance 
wets the wall of a capillary tube in which it 
is contained, and thus possesses a concave 
meniscus, the vapour pressure above the 
meniscus is less than that in contact with 
a plane surface of the liquid at the same 
temperature. This is expressed by the 
equation 

ov 


log. ~ 


‘Fur 


(p is the pressure at the concave surface, 
p, the normal vapour pressure at the same 
absolute temperature T, a the surface ten¬ 
sion, r the radius of the capillary tube, R 
the gas constant, and v the mol. volume 
of the liquid). There is thus a considerable 
tendency for a vapour to condcns’e in the 
fine capillaries of a porous material such 
as charcoal. Capillary condensation is cer¬ 
tainly the mechanism of the sorption of 
water by silica gel, and probably also at 
higher humidities by charcoal, but it is 
unsatisfactory as a general theory of 
physical adsorption. Reference: McBain, 
“ Sorption of Gases by Solids.” See Ad¬ 
sorption. 

Capric acid, n-Decylic acid, C 10 II J0 O,. 

CH, • (CH,), • COOII. 

Crystallizes in needles, M.P. 31-5°, B.P. 2C8 J - 
270°, soluble in alcohol and ether, practically 
insoluble in water. A fatty acid, occurring 
in wool as the potassium salt, as esters in 
fusel oil, and as glycerides in cows’ and goats’ 
milk and coconut and palm oils. 

Caproic acid, n-Hexoic acid, C.11,,0,, 
CH, • CH, • CH, • CH, • CH, • COOII. An oil, 
F.P. - 1-5° to - 2°, B.P. 205°, slightly 
soluble in water. It occurs as glycerides in 
the milk of cows and goats, in coconut oil 
and palm oil. 

Capryl alcohol, secondary Octyl alcohol, 
Octanol-2, C,H lt O, 

CH,[CH,] s CIIOH, 

I 

CH, 

is a colourless liquid with a strong odour. It 
can be obtained in optically active forms, 
[x]” ± 9*9°, D*° 0-8216, B.P. 86°/20 mm. 
The optically inactive (<//) form is prepared 
by distilling castor oil with concentrated 
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sodium hydroxide solution, D*» 0-8188, B.P. 
170-5°. It has a marked effect in lowering 
the surface tension of aqueous solutions, and 
is used as a foam-reducing agent. 

Caprylic acid, n-Octoic acid, C,H„0„ 
CH, - [CHJ, - COOH. M.P. 16°, B.P. 237°, 
soluble in alcohol and ether, sparingly 
soluble in hot water. A fatty acid occurring 
free in sweat, os esters in fusel oil, from 
which it is most easily prepared, and as 
glycerides in the milk of cows and goats 
and in coconut and palm oils. 

Capsanthin, C, 0 H„O,. 

CH^CH, 

CO—CH : CH • C: CH ■ CH : CH • C: CH • CH : 
HO-CH CHr-CH, <!h, CH, 

04 

A carotenoid pigment preseut in the form 
of esters in paprika. It is a dark red 
crystalline powder, M.P. 177°-178°. Soluble 
in acetone and chloroform, slightly soluble 
in alcohol, insoluble in water. 

Capsicum, or chillies, is the dried ripe 
fruit of Capsicum minimum. It contains 
the intensely pungent principle capsaicin, 
which has the formula : 


Caraway, commonly called caraway seeds, 
is the dried ripe fruit of Carum carvi, and its 
medicinal properties are due to the aromatic 
constituents of the volatile oil contained in 
its vitta. See Oil of caraway. 

Carbamic acid, H,N • COOH. This acid 
is not known in the free state, but snlts 
and esters of it exist. The most readily 
obtainable salt is ammonium carbamate, 
formed by the action of dry carbon dioxide 
on dry ammonia. Esters of carbamic 
acid are called urethanes. 


CH, CH, 
C 

CH• CH :C•CH:CH•CH•C•CH:CH• ^^CH, 
CH, CH, H,C—<f HC’C 


O H 


| - H I _ OCH, 

HC • CH : [CH,], • C • N • CH,<^_^>OH 


Capsicum is used internally as a digestive 
stimulant and carminative and as a lina- 
ment or ointment for external application 
as a counter-irritant, particularly in lum¬ 
bago and rheumatism. 

Caramel. The brown substance obtained 
by heating cane sugar or other carbohydrate 
materials. Its chemical nature is unknown, 
and its reactions vary with its method of 
preparation. It is soluble in water and is 
used as a colouring agent for foodstuffs and 
drinks. 

Carane, C, 0 H„. A saturated dicyclic 
hydrocarbon which has not been found in 
nature. /-Carane has been obtained by 
the distillation of pulegone hydrazone with 
potassium hydroxide and d-carane similarly 
from /-caronc hydrazone. CH, 

It is also formed by 
hydrogenation of d-A*- * ** 

carene in presence of 
platinum black. It is *V V 1 ** 
doubtful whether it has jj £ fa C jj 
been obtained pure, but 1 \ /\ / * 

typical constants are: CH-C 

B.P. 169-5°, d*° 0-8411, \ 

w d° 14567, [a] D + 57-64°, CH, 

- 47-06°. 


H,cJ HC-OH 

X 


Carbamide. See Urea. 

Carbamido-. The name given to the 
group — NHCONH, in organic compounds. 

Carbamyl-. The name given to the group 
— CONH, in organic compounds. 

Carbamylcarbamic acid. Sec Allophanlc 
acid. 

Carbanilide, C„H lt ON a . 


o 


Nil CO NH 


-o 


Silky needles, M.P. 235°, B.P. 260°. 
Slightly soluble in water, readily in alcohol 
and ether. 

Prepared by the action of phosgene upon 
aniline. 

Carbazole occurs with anthracene in the 
solid which separates 

from anthracene oil. /\_/\ 

It is used in the 
preparation of Hydron II J J 

Blue R, a vat dyestuff ^ 

of unknown constitu¬ 
tion. Carbazole crystallizes in colourless 
leaflets, M.P. 238°, B.P. 335°. Insoluble 
in water and sparingly soluble in most 
organic solvents. It sublimes easily. 

Carbene. See Cuprene. 

Carbethoxy-. The name given to the 
group — CO-OCH,CH, in organic com¬ 
pounds. 

Carbides. The carbides of the alkali and 
alkaline earth metals (e.g. Li a C a , Na,C„ 
CaC,) may be regarded as “salts’* of 
acetylene, which they produce when treated 
with water. Common “'carbide ’* is the 
calcium compound. The carbides Be,C, 
A1,C„ SiC, etc., may similarly be regarded 
as “salts’* of methane, but only the first 
two give methane on treatment with water. 
Other carbides, e.g. CeC„ Fe,C, B,C, 
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CrC„ W.C, Show no apparent relation 
to simple hydrocarbons. 

farbinol. A name for methyl alcohol, 
introduced by Kolbe in 1860 as a basis 
for the systematic naming of monohydnc 
alcohols. Sec Alcohols and Methyl alcohol. 

Carbitol is a trade name for diethylene 
elvcol monoethyl ether. 

Carbocyclic. A generic term relating to 
organic compounds which are considered to 
be derived from one or more rings of carbon 
atoms, e.g. benzene, naphthalene, diphenyl. 

Carbohydrates are polyhydroxy com- 
pounds of the general formula (CH a O)., of 
which glucose is the type. The number of 
hydroxyl groups gives them their properties, 
solubility in water, sweet taste, etc. As 
each carbon is asymmetric, the carbo¬ 
hydrates exist in numerous stereochemical 
and structural modifications, most of which 
have been made by synthesis. They arc 
named according to the number of carbons, 
pentose or hexose. Besides these simple 
sugars there exist numerous sugars com¬ 
posed of two or more joined together 
through oxygen. C,H n O t —O—C # H n O, . 
These are termed di-, tri-, and polysacchar¬ 
ides respectively. The natural sugars are 
optically active. 

Carbolic acid. Sec Phenol. 

Carbolineum. An antiseptic and pre¬ 
servative made from crude carbolic acid. 

Carbomethoxy-. The name given to the 
group —CO • OCHj in organic compounds. 

Carbon, C. At. no. 0, At. wt. 12 010. 
Occurs in both the free and combined 
states. The crystalline forms are graphite 
and diamond and the amorphous form 
anthracite coal. For the crystal structures 
of diamond and graphite sec under those 
headings. Coal has a carbon content de¬ 
pendent on its age and locality. Carbon 
dioxide occurs in the atmosphere, and also 
in the combined form in carbonates (lime¬ 
stone, marble, etc.). All living organisms 
contain carbon, whereby it occupies a 
unique position in the series of elements. 
The number of compounds containing carbon 
probably exceeds the number formed by all 
other elements. 

Allotropic forms: Diamond, D = 3*520. 
Refractive Index D line = 2 417. In a 
crystal of diamond every carbon atom is 
linked tetrahedrally to four others, as shown 
in the accompanying figure. The structure 
has cubic symmetry (a = 3*56 A.) and the 
C—C distance is 1*54 A., equal to that found 
in saturated hydrocarbons. This mineral, 
which in its transparent varieties is a most 
beautiful and costly gem, has been known 
from very early times. The principal source 
is the diamond mines of South Africa, where 
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it is found as yellow rounded “ pebbles." 
The international carat is equal to 0*200 gm. 
The valuable diamond may be colourless or 
faintly coloured, but must be transparent. 
The heavily coloured forms, known as 
carbonado or bort, are of no value as gems, 
but are very hard, and are used for rock 
drills, for lathe tools, and when powdered 
for cutting and polishing clear diamonds. 
In cutting, the natural crystalline form is 
obliterated and an artificial shape, which 
gives rise to a large amount of internal 
reflection producing the “ fire ” of the stone, 
produced. The diamond is extremely hard, 
and stands highest in Mohs’s scale of hard¬ 
ness. It possesses a high refractive index, 
and dispersive power. It is relatively much 
more transparent to X-rays than are its 
imitations. See Graphite. 



The crystal structure of diamond. 

Diamond is very resistant to chemical 
reagents; potassium dichromate and sul¬ 
phuric acid attack it with the formation of 
CO,. It burns in air or oxygen to carbon 
dioxide, leaving scarcely any ash; some 
forms of bort may leave as much as 4*5 % 
ash. Moissan, in 1893, succeeded in 
preparing artificial diamonds in the cleetric 
furnace. The diamonds, however, are 
always small and of inferior quality. 
Recent investigations by the method of 
X-ray diffraction have shown that two 
very similar types of diamond crystal exist. 

Carbon, amorphous. The following 
varieties of amorphous carbon are usually 
described: charcoal from wood, sugar, 
etc.; lampblack, soot, or acetylene black; 
animal charcoal, bone charcoal, and ivory 
black; coke, coal, and anthracite; gas 
carbon; and electrode carbon. These are 
all black and opaque, the density and 
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hardness depending on the conditions of 
formation. X-ray spectra show that they 
all contain microcrystailine material. 

Carbonates, the salts of the weak acid, 
carbonic acid, H,CO,. This group of com¬ 
pounds includes many minerals and com¬ 
pounds of great technical importance (c.g. 
CaCOj, Na,CO„ ZnCO„ etc.). The bi- 
carbonatcs (or acid carbonates) are formed 
by replacing only one of the two hydrogen 
atoms in carbonic acid by a metal atom, 
as in sodium bicarbonate, NaliCO,. and 
calcium bicarbonate. Ca(HCO,),. 

The carbonates of the alkali and alkaline 
earth metals are stable, but those of certain 
metals, e.g. Cr"\ Fc'", arc hydrolysed 
readily and completely to the hydroxide. 
Some metals, e.g. Pb, Cu, Zn, form basic 
carbonates such as white lead, a compound 
of variable composition approximating to 
2PbCO,. Pb(OH) t . 

Carbon black. A very line, black, velvety 
form of carbon produced by the incomplete 
combustion of natural gas. Finds its 
chief application as a filler in the manu¬ 
facture of rubber and also in the paint, ink, 
and gramophone record industries. 

Carbon disulphide, Carbon bisulphide, CS„ 
is a colourless, highly refractive liquid with 
a pleasant ethereal odour. The commercial 
product usually has n most disagreeable 
odour owing to the presence of other sulphur 
compounds in small amount. D*° 1-200, 
B.P. 40-25°. Very sparingly soluble in 
water, miscible with alcohol and ether. 
Manufactured by heating sulphur and wood 
charcoal together. The odour of the 
product cun be removed by distillation over 
mercury or mercuric chioridc. It is an 
excellent solvent for oils, waxes, rubber, 
sulphur, and phosphorus, but its use as a 
solvent is decreasing owing to its high 
toxicity and inflammability. Used in the 
manufacture of viscose silk and carbon 
tetrachloride; and for the preparation of 
xanthates used in the flotation of ores. 

Carbon fluorides. Several carbon fluor¬ 
ides have been isolated in a state of 
purity. The tetrafluoridc, CF 4 , is a gas 
(B.P. — 130 ) which is formed with other 
products by the strongly exothermic re¬ 
action of fluorine with carbon. It is rela¬ 
tively inert, being unattacked by water, 
most metals and non-metals at room tem¬ 
perature, or by caustic potash. Other 
fluorides (c.g. C,F„ C a F„) arc formed simul¬ 
taneously, and may be separated by 
fractionation. C a F, (B.P. - 781°) and 
CjF 4 (B.P. —70-3°) arc prepared by burning 
a carbon arc in the vapour of carbon tetra¬ 
fluoridc. C,F 4 is unsaturated, and will 
add on bromine when treated with bromine 


water, forming C t F 4 Br,. Curbon mono- 
fluoride is a grey solid, which is formed by 
heating norite, a variety of carl»on, in 
fluorine at 280° at a pressure of 25 mm. 
It is non-volatile, but decomposes when 
heated in vacuum into a mixture of gaseous 
carbon fluorides. 

Carbonic acid, H t CO a . A very weak 
dibasic acid, which is formed when carbon 
dioxide is dissolved in water. The acid is 
known only in dilute solution, and attempts 
to concentrate its solutions result in de¬ 
composition into carbon dioxide and water. 
A crystalline hydrate, CO„ 0II t O, is formed 
at low temperatures and under pressure. 
The acid forms two series of salts, the 
normal carbonates (e.g. CaCOj, K,CO,) and 
the acid carbonates or bicarbonates (c.g. 
Ca(HCO,) t , KHCO,). 

Carbon oxides, Carbon monoxide, CO. A 
colourless and odourless gas (B.P. — 100°; 
M.P. — 207°), which is formed in the in¬ 
complete combustion of carbon or carbon 
compounds, by the interaction of carbon 
dioxide with carbon at 900M000 0 , or, in 
the laboratory, by the action of concen¬ 
trated sulphuric acid upon anhydrous 
formic acid. The gas is also formed, 
together with hydrogen, in the high- 
temperature decomposition of steam with 
coke. This mixture with hydrogen is 
known as water gas. Carbon monoxide 
bums in the air or in oxygen with a 
pale blue flame, and can give rise to violent 
explosions when ignited in air in suitable 
proportions. Ignition may be produced by 
a free flame, n spark, or by a surface heated 
to circa 000°. See Blue water gas. 

Carbon monoxide reacts chemically ns a 
reducing agent—thus it will reduce the 
oxides of metals such as lead or iron to the 
metal at an elevated temperature. It is the 
active reducing agent in a number of 
metallurgical processes. It will reduce 
iodine pentoxidc to iodine at 90°. This 
reaction is used in analysing gaseous 
mixtures containing carbon monoxide. It 
is only sparingly soluble in water. Carbon 
monoxide is also absorbed by an ammonia- 
cal solution of cuprous chloride, when the 
compound CuCI, CO, 2H t O is formed. 
On shaking a gas mixture containing a 
trace of carbon monoxide with a solution 
of pallodous chloride, a black precipitate of 
palladium is formed. This is a delicate 
qualitative test. 

Carbon monoxide is very poisonous, 
forming a very stable complex with hemo¬ 
globin, which is then not available to effect 
a transfer of oxygen. 

Carbon dioxide, CO t . A colourless gas 
which has a faint smell and a sharp taste. 
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On cooling at atmospheric pressure, the gas 
passes directly into a white solid, the vapour 
pressure of which equals 11 atmosphere at 
__78-5° Liquid carbon dioxide may be 
obtained at pressures above one atmosphere. 
The pas occurs in various natural sources, 
and plays an essential part .n animal 
respiration and the growth of green plants. 
It is produced in the complete combustion 
nf carbon or carbon compounds, but is most 
conveniently prepared in the laboratory by 
heating heavy metal carbonates or alkaline 
earth carbonates or bicarbonates, or by the 
action of dilute acids on metal carbonates 
or bicarbonates. Carbon dioxide is soluble 
in water, which dissolves approximately its 
own volume of the gas at 15°. Aerated 
waters are charged with carbon dioxide 
under pressure. The aqueous solution of 
the gas is believed to contain the unstable 
and weakly acidic substance carbonic acid, 
H CO.. Carbon dioxide is readily detected 
by the formation of a white precipitate of 
calcium carbonate on bubbling it through 
lime-water (a solution of calcium hydroxide 
in water). With excess of carbon dioxide 
the initial precipitate redissolvcs, with for¬ 
mation of calcium bicarbonate, Ca(HCO,),. 
In gas analysis, carbon dioxide is absorbed 
by sodium hydroxide solution, with which 

reacts to form sodium carbonate. 

Solid carbon dioxide is now manufactured 
on a large scale for use in refrigeration. It is 
particularly convenient for packing materials, 
such as ice-cream, which have to be trans¬ 
ported. The gas is first liquefied under 
pressure and then solidified by free evapora¬ 
tion. The solid is sold under various trade 
names, such as Drikold, or Dry Ice. 

Carbon suboxide, C,O t . A toxic gas with 
a pungent odour, which can be condensed 
to a liquid boiling at 6° and freezing at 

- 111-3°. It is prepared by heating 
diethyl malonate, CH t (COOC,H,)„ at 300° 
with a large excess of phosphorus pentoxide, 
or, alternatively, by heating malonic acid, 
CH,(COOH)„ with the same reagent. 
The gas is stable if stored in dry glass 
apparatus. On heating to 200° it is partly 
decomposed into carbon dioxide and carbon 
and partly polymerized. It explodes when 
mixed with oxygen and sparked. With 
cold water it forms malonic acid, and is 
thus to be regarded as the anhydride of 
this acid. With ammonia it forms malon- 
amide, CH,(CONH a ),. 

Carbon selenides. Carbon biselenide, 

CSe 2 . This is a golden-yellow liquid, M.P. 

- 45-5°, B.P. 69-5°/130 mm., obtained in 
50 % yield when a mixture of hydrogen 
6 elenide and carbon tetrachloride is passed 
through a glass tube heated to 500°. It 


bums with difficulty in air or oxygen, and 
decomposes rapidly in daylight. 

Carbon subselenides. Indefinite com¬ 
pounds such as C 4 Se and C 5 Se 2 , the exist¬ 
ence of which is dubious. 

Carbon sulphidoselenide, CSSe. A yellow 
oil, B.P. 83-9°/749 mm., obtained by the 
action of carbon disulphide vapour on 
ferrous selenidc at 650°. 

Carbon sulphidotelluride, CSTc. Forms 
yellowish-red crystals, M.P. — 54°. It is 
prepared by passing an arc between a 
graphite cathode and an anode containing 
10 % tellurium under carbon disulphide. 

Carbon tetrabromide, CBr 4 . A lustrous 
white crystalline solid (M.P. 91°, B.P. 
189-5°, with slight decomposition) which is 
formed by the action of bromine on carbon 
disulphide in presence of iodine. It is 
insoluble in water, but dissolves readily in 
alcohol, ether, or chloroform. 

Carbon tetrachloride, Tetrachloromethane, 
CCI 4 , is a colourless liquid with a pleasant 
odour. D* 1-594, B.P. 70-7°. Almost in¬ 
soluble in water; miscible with most 
organic liquids. Manufactured by the 
action of chlorine on carbon disulphide. 
Although dry carbon tetrachloride is quite 
stable, it is partially decomposed into 
phosgene and hydrochloric acid when heated 
in presence of water. Moist carbon tetra¬ 
chloride will attack metals for this reason. 
It is an excellent solvent for waxes, lacquers, 
and rubber, but the difficulty of handling 
it when moist prevents its wider use. 
Fuming sulphuric acid acts on it to give 
phosgene and chlorsulphonic acid; with 
phenols and sodium hydroxide, the sodium 
salts of phenol carboxylic acids arc formed. 
It is used as a solvent for waxes, lacquers, 
and rubber, and for dry cleaning, as an 
insecticide and in fire extinguishers, which 
should not be used in confined spaces. 

Carbonic anhydrase is an enzyme which 
serves to accelerate the formation of carbon 
dioxide from bicarbonate in the blood 
vessels of the lung ; the reaction takes place 
much more slowly in its absence. The 
acceleration is stated to be GOO times at 
37°. Meldrum and Houghton (J. Physiol., 
1933, 80, 113, 143) have studied its distribu¬ 
tion and devised a method of measuring its 
activity. 

Carbon value. A measure of the tendency 
of an oil to form carbon when used as a 
lubricant. Usually determined by heating 
the oil sample strongly in the absence of 
air and determining the weight of the 
solid residue. Both the methods commonly 
used, the Conradson and Ramsbottom 
tests, depend upon this principle, but in 



Carbonyl 


no 


Carboxylic 


neither case is the correlation with practical 
results satisfactory. 

Carbonyl chloride (Phosgene). COCI,. A 
colourless gas which is highly poisonous 
and has a smell resembling that of fresh 
hay. It forms a colourless mobile liquid 
(B.P. 8 2°, M.P. - 120°, d 1 43). It is 
formed by exposing a mixture of carbon 
monoxide and chlorine to bright sunlight, 
or by passing a mixture of the two gases 
over heated animal charcoal. Carbonyl 
chloride is readily soluble in acetic acid, 
benzene, or toluene, but is decomposed by 
water into hydrochloric acid and carbon 
dioxide. It reacts with ammonia to form 
a mixture of urea, CO(NH,)„ and ammonium 
chloride. This reaction may conveniently 
be carried out in toluene solution, the urea 
being separated from the ammonium 
chloride by dissolving it in warm alcohol. 
Carbonyl chloride is an important industrial 
chemical, and is employed in the dyestuff 
and pharmaceutical industries, as well as in 
chemical warfare. 

Carbonyl group is the name given to the 
^C — O group in such compounds as 

aldehydes, ketones, metallic carbonyls, 
nnd phosgene. For the general reactions 
of this group see Aldehydes and Ketones. 

Carbonyloxime. Sec Fulminic acid. 

Carbonyls. These are compounds of 
carbon monoxide with a metal. Ni(CO) 4 , 
Fc(CO) 4 , Fc(CO) 4 , Fe,(CO)„ Co(CO) 4 or 
Co,(CO) 4 , Co(CO)„ Mo(CO) 4 , Ru(CO)„ 
W(CO) 4 , Cr(CO) 4 , Sr(CO)„ Ba(CO), have 
been prepared, also the following com¬ 
pounds : Co(CO)jNO and Fe(CO),(NO) l . 
See also Nickel carbonyl and Iron carbonyl 
and J.S.C.I. Trans., 1930, pp. 271, 283, 287. 

Carbonyl selenide, COSe. A colourless 
gas, with an abominable odour, prepared by 
passing a rapid stream of carbon monoxide 
over selenium heated to dull redness. 

Carbonyl sulphide, COS. A colourless 
odourless gas (B.P. -50 2°, M.P. -138 2°), 
which is formed when carbon monoxide and 
sulphur vapour are passed through a hot 
tube, or, alternatively, by the action of 
dilute sulphuric acid (H,S0 4 , 5 vols.; 
11,0, 4 vols.) on ammonium thiocyanate at 
20 °. The gas is moderately soluble in 
water (0-8 c.e. in 1 c.c. of H t O at 13-5®/l 
atm.), and readily soluble in toluene. The 
aqueous solution is slowly decomposed, the 
products of hydrolysis being carbon dioxide 
and hydrogen sulphide. Carbonyl sulphide 
is an inflammable gas and forms an explosive 
mixture with oxygen. The products of its 
oxidation are carbon dioxide nnd sulphur 
dioxide. The oxidation is readily effected 
by bromine water or acidified potassium 


permanganate, when the products are 
carbon dioxide and sulphuric acid. The 
gas is absorbed by dilute aqueous or 
alcoholic potash, and a mixture of potas¬ 
sium sulphide and carbonate is formed. 

Carborundum, the trade name for silicon 
carbide, SiC, produced by The Carborundum 
Co. Ltd., but the term is widely used for 
silicon carbide from other sources. It is 
used for refractory bricks, crucibles, retorts, 
abrasive wheels, and refractory cement. 

Carboxy-. A prefix denoting that the sub¬ 
stance in question contains a carboxyl group. 

Carboxyhmmoglobin. A compound of 
hamoglobin with carbon monoxide, the 
carbon monoxide being loosely combined, 
as is the oxygen in oxyhccmoglobin. The 
avidity of haemoglobin for carbon monoxide 
is much greater than for oxygen ; human 
haemoglobin has 500 times as great an 
affinity for carbon monoxide as for oxygen. 
This is the reason for the toxicity of carbon 
monoxide, which prevents haemoglobin from 
carrying oxygen to the tissues. 

Carboxylase. An enzyme present in 
some animal tissues and in yeast which 
controls the decomposition of pyruvic 
acid into acetaldehyde and carbon dioxide, 
one of the stages in fermentation processes 
(see Alcohol). It consists of a compound 
of cocarboxylasc with a protein. 

Carboxyl group is the name given to the 
yO 

—8 rou P * n organic compounds. 

Carboxylic acids are orgnnic compounds 
containing one or more carboxyl ( —COOII) 
groups; the number of these groups is 
indicated by the prefixes mono-, di-, tri-, 
etc. These acids arc much weaker than the 
mineral acids such as hydrochloric, but they 
are ionized to some extent in aqueous 
solution and will liberate carbon dioxide 
from metallic carbonates and bicarbonatcs. 
The strength of the acid is markedly 
affected by the nature of the remainder of 
the molecule. They form salts with metals 
nnd with organic bases, and form esters 
with alcohols. Anhydrides of the type 

—c=o 

>° 

— 0=0 

acids by elimination of a molecule of water 
between two carboxyl groups. The hy¬ 
droxyl (— OH) group is replaceable by 
halogens to give acyl halides. The acids 
are formed by oxidation of the correspond¬ 
ing alcohol or aldehyde ; by heating nitriles 
with alkalis; or by treating Grignard 
reagents with carbon dioxide and decom¬ 
posing the product with sulphuric acid. 


arc formed from most of the 
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White crystals, M.P. lie“-118«, very slightly 
soluble in water, soluble in 18 parts of 
alcohol. Prepared by the action of a- 
bromo-a-ethylbutyryl bromide on urea 

It is a sedative and hypnotic and is useful 

ta ££tM water gas, C.VV.G During 
neak periods of gas consumption blue water 
yas is enriched to any quality by addition of 
oil gas. The oil is sprayed on to the top 
of red-hot chequered brickwork in the car¬ 
burettor. The oil gas formed by the 
cracking of the hydrocarbons is fixed 
by passing with the blue water gas through 
another chamber called the superheater. 
The oil gas formed has a calorific value of 
1600-1800 B.Th.U.’s/cu. ft. and 1 gallon of 
oil yields 70-80 cu. ft. of gas of this quality 
and about 15 % of C.VV.G. Ur. The pro¬ 
cess is extremely flexible, as opposed to 
actual coal gas manufacture, and in times 
of emergency can be made so that tem¬ 
porarily it replaces the coal gas. 

Carbylamine reaction. A qualiutivc 
test for primary amines carried out by 
warming the suspected amine with chloro¬ 
form and an alcoholic solution of potassium 
hydroxide. Under these conditions primary 
amines produce the intensely nauseating 
odour characteristic of the carbylamines. 
Sometimes used as a test for chloroform, but 
it is not specific, as bromoform, iodoform, 
and chloral also react in the same manner. 

Carbylamines, Isocyanides, also errone¬ 
ously called Isonitriles. They are organic 
compounds conUining the group — NC, 
and are colourless liquids having an in¬ 
tensely nauseating odour. Sparingly soluble 
in water; miscible with alcohol and ether. 
Prepared by treating alkyl halides with 
silver cyanide, or by heating a primary 
amine with chloroform and an alcoholic 
solution of potassium hydroxide. Readily 
decomposed by acids to give a primary 
amine and formic acid. Converted to the 
isomeric cyanides by heating at 100°-200°. 
They react with sulphur to give isothio¬ 
cyanates and with mercuric oxide to give 
isocyanates. Form compounds with hydro¬ 
chloric acid and chlorine. 

Carbyloxime. See Fulminic acid. 


Carene 

Carcinogenic substances. It has long 
been suspected that coal tar may have some 
connexion with cancer, but not until 1915 
was cancer actually produced by painting tar 
on the ears of rabbits. It was later found 
that tarring the skin of the white mouse is 
a convenient method of producing experi¬ 
mental cancer. 3 :4 -Benzpyrene is the 
most potent carcinogenic substance found 
in coal tar. 1:2:5: 6- Dibenzanthracene 
was the first pure carcinogenic substance 
to be discovered. The most potent sub¬ 
stance yet discovered is methyl-cholanthrenc 
which has been made from 12-keto-cholanic 
acid, a substance related to the sterols. It 
is physiologically very significant that car¬ 
cinogenic substances can arise from the 
sterols and bile acids, although there is no 
reason to suppose that they do so arise in 
the body. It has been shown that mice, 
given oestrone, the female sex hormone, in 
the form of its benzoate dissolved in oil, ’ 
develop mammary cancer. See “ The 
Chemistry of Natural Products Related to 
Phenanthrene," by Fieser. 

Cardamom consists of the dried seeds of 
Elataria cardamomum kept in the capsular 
fruit until required for use. Cardamom 
possesses aromatic and carminative pro¬ 
perties and the powdered seeds arc used in 
combination with other powdered drugs in 
such preparations as aromatic powder of 
chalk and compound extract of colocynth. 
Compound tincture of cardamom is used a9 
a stimulating carminative and flavouring 
agent for stomach mixtures and contains 
the alcoholic extractive of cardamom, 
caraway and cinnamon, together with 
glycerin, and is coloured red with cochineal. 

Cardiac aglucones. Digitalis and related 
heart poisons found in plants are glycosides 
which on hydrolysis break down to a carbo¬ 
hydrate and a genin or cardiac aglucone. 
The cardiac aglucones arc chemically 
related to the sterols and include stroph¬ 
anthidin and digitoxigenin. See “ The 
Cardiac Glycosides,” by Stoll, and “ The 
Chemistry of Natural Products Related to 
Phenanthrene,” by Fieser. 

A*-Carene, C, 0 H„. A dicyclic terpene 
the d-form of which 

occurs in Swedish and , 3 

Finnish oils of turpen- 
tine, in various pine- /\ 

needle oils, and many HC CH, 

other essential oils, 

whilst the /-form has h jC CH CH 3 

been found in oil from Yh/ 

the rhizomes of Kaemp- CH-C 

feria galanga and in an ('ll 

oil from Pinus sylvestris. 

It is a colourless oil with a sweet and 
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penetrating smell. Its constants are : B.P. 
108°-169°/705 mm.. d™ 0-8580. n” 1-468. 
[*1d + 7-09’. It forms a slightly soluble 
nitrosate melting with decomposition at 
147-5’. It oxidizes and rcsinifies rapidly in 
the air. It gives a fugitive purple-green 
coloration with sulphuric acid in acetic 
anhydride solution. When treated with 
hydrochloric acid, it forms sylvestrene di- 
hydroehloridc. 

A 4 -Carene, C I 0 H„. A 
the d -form of which is 
found in the oils from 

various Andropogon 

grasses, in German pine- 
needle oil, in Finnish 
and Swedish turpentine 
oils, and various other 

products. It is a colour¬ 
less oil of pleasant smell 
with the following con¬ 
stants : B.P. 105 5°- 

107°/707 min., rf” 0 8552, 1-474, 

[ot]J>° + 02-2°. It yields no crystalline 
derivatives. When heated to 280“ under 
pressure it forms sylvestrene and a-ter- 
plncne. 

Carmine. A fiery-red lake pigment 
obtained by extracting cochineal (the 

dried bodies of a sub-tropical insect) with 
boiling water and precipitating the extract 
with alumina. It is insoluble in water, oils, 
and ordinary organic solvents, but gives a 
deep crimson solution with caustic alkalis 
and ammonia. It fades on exposure to 
sun and nir. 

Carminic acid, C„H, 0 O„. 


dieyclic tcrpcnc, 

r 

u t d / \a 

<!:h CH. 
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The colouring matter of cochineal. It 
crystallizes in red prisms, soluble in hot 
water, moderately soluble in alcohol. 

Carnallite, KC1, MgCI„ 0H,O, occurs in 
massive form near Stassfurt. When pure 
it is white and translucent but, as usually 
found, it is pink or red, owing to the pre¬ 
sence of iron compounds. It is a source 
of potassium salts. 

Carnauba Wax is the dried exudation 
from the leaves of the South American 
copaiba palm. These arc dried in the sun, 
cut, and treated with boiling water, the 
wax collecting on the surface. The crude 
wax is yellow or dirty green, brittle, and 
very hard. Pure carnauba wax has D“ 
0-99, M.P. 84°-91°. The principal con¬ 
stituent is melissyl cerotate. It is used 


in many polishes and varnishes, as when 
mixed with other waxes it makes them 
harder and gives more lustre. 

Carnitine, a - Hydroxy - y- butyro - betaine, 

c?h 14 o,n. 

CH, 

\ 

CH,—N—CII, CH, 

CH, O—CO—CHOH 

A laivorotatory, water-soluble base, present 
in muscle. 

Carnosine, /J-Alanylhistidine, C,II u O,N„ 

HC-C-CH.-CH-NH • CO • CH, • CII, NH, 

N NH COOH 
V 
CH 


A dipeptide crystallizing in colourless needles, 
M.P. 240 # *250 # , with decomposition. Sol¬ 
uble in water. [<x] D + 21°. A strong base. 
It is present in mammalian muscle, and the 
fact that it contains an amino-acid, 
^•alanine, not found in proteins, indicates 
that it has probably some specific action, 
but what this is is not known. 

Carnot, Nicolas Ldonhard Sadi (1790- 
1832). Horn at Paris, Carnot was educated 
at the Ecole Polytechnique, and served 
before and after the battle of Waterloo in 
the Engineers. Ixml Kelvin, in 1848-49, 
was instrumental in proving how Carnot, 
ahead of his period, realized the true nature 
of heat, and had noted down many of the 
best modem methods for determining its 
mechanical equivalent. 44 Carnot's prin¬ 
ciple " is one of the fundamentals in thermo¬ 
dynamics. 

Carnot’s cycle. For this cyclic process 
an ideal gas is allowed (a) to expand at 
constant temperature (T t ), ( b) thus to 
expand so that no heat is gained or lost 
by it. It is then (c) compressed at the 
lowest temperature (T,) produced during 
the expansion (6), and is finally (d) com¬ 
pressed without loss or gain of heat until 
the original temperature, pressure, and 
volume are restored. It may be shown 
that the amount of work (A) obtainable 
from such a cyclic process is given by 


where Q is the heat absorbed from the 
surroundings during the whole of the 
cycle. 

Clearly the efficiency of a heat engine 
based on these principles is the ratio between 
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the heat transformed into work, and the 
heat drawn from the supply 



Hence, the maximum efficiency of a heat 
engine depends only on the two tempera¬ 
tures between which it works, and not at all 
on the nature of the substance employed, 
e.g. steam. 

Caro, Nikodem (1871- ). Born at 

Lodz, Caro studied at Berlin University and 
the Technical High School, Charlottenburg, 
where he afterwards founded a chemical 
laboratory. In conjunction with Frank he 
investigated the cyanamide process for the 
fixation of atmospheric nitrogen. The 
liquefaction of water gas and the use of 
water power as a source of energy in 
chemical industry also claimed his attention. 

Caro's acid. See Permonosulphuric acid. 

Carone, C, 0 H„O. A saturated dicyclic 
ketone obtained by 
treating dihydrocarvone 
hydrobromide with alco¬ 
holic potash at 0°. Both 
d- and /-forms have been 
prepared from the di¬ 
hydrocarvone hydro- 
bromides of the same 
sign of optical activity. 

When distilled at the 
ordinary pressure it boils 
at about 210° with partial decomposition 
and conversion to carvcnone. Its constants 
arc: B.P. 00®-100°/15 mm., df 0 0567, 
ntf** 1-4787, [a] D + 173-8®, - 169 5®. d- 
and /-carone form semicarbazones of M.P. 
167®-109° and the racemic form yields a 
scmicarbazone of M.P. 178®. 

Carotene, C 40 H M . Carotene is one of the 
most important of the colouring matters of 
green leaves. It is found in all plants and 
in many animal tissues. It is the chief 
yellow colouring matter of carrots, of butter, 
and of yolk of egg. It exists in several 
forms, the most common being 0-carotene, 
with the formula 


a-Carotene has an unsymmctrical struc¬ 
ture with the ring shown 
herewith replacing one 
of the rings in the 
0-carotene formula. It 
is dextrorotatory. 

Carotene is important 
physiologically in that it 
is the precursor of vita¬ 
min A. Carotene present 
in the food is transformed into vitamin A 
in the liver, and hence carotene can replace 
the vitamin, although most rich sources of 
carotene also contain vitamin A in the free 
state. 

Carotenoids. A group of pigments re¬ 
lated to carotene which occur in plants, 
particularly in the leaves, and in certain 
animal tissues. They include the hydro¬ 
carbons carotene and lycopene and their 
related hydroxyl compounds, the xantho - 
phylls , as well as other less important 
pigments. They are soluble in fats and 
fat solvents, and give characteristic blue 
colours with sulphuric acid and with anti¬ 
mony trichloride. 

For distribution and methods of prepara¬ 
tion sec “ Carotenoids and Related Pig¬ 
ments,” by Palmer. For structures sec 
Ann. Reports, Chem. Soc., 1035, 32, p. 201. 

Carr, Francis Howard 0 874 * )• Carr 

was born at Croydon, and after studying 
chemistry at the City and Guilds College 
carried out a series of researches at the 
Pharmaceutical Society and the Imperial 
Institute. In 1898 he was appointed chief 
of a new department for the manufacture 
of fine chemicals at the Wellcome Chemical 
Works, Dartford. In 1914 he became a 
Director of Boots Pure Drug Co., and in 
1920 of the British Drug Houses Ltd. A 
Past-President of the Society of Chemical 
Industry (1026-28) he was elected President 
of the Association of British Chemical 
Manufacturers in 1938. His published 
researches deal chiefly with ulkaloids and 
insulin. 
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It forms reddish-brown crystals, M.P. 
181°-182®. Insoluble in water, sparingly 
soluble in alcohol and ether, soluble in 
benzene and petroleum ether. It is optic¬ 
ally inactive. 

8 


Carron oil. An emulsion prepared from 
equal volumes of linseed oil and lime 
water, used as a first-aid treatment for 
bums. 
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Carvacrol, 2-Hydroxy- 
cymene, C 10 H 14 O. A colour¬ 
less liquid, F.P. 0-5°, B.P. 
237°-238°. Sparingly soluble 
in water, soluble in alcohol, 
ether, and alkalis. It is a 
constituent of many essential 
oils. 

Carveol, C m H m O. A 
monocyclic terpene alcohol, 
obtained by the autoxida- 
tion of limonene in moist 
air and found in small 
quantity in caraway oil. 

It forms carvone on 
oxidation with chromic 
acid. Its constants are : 
B.P. 220°-227°/757 mm., 


CH, 


0-9578. Nn 1-4961. 
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CH^CH, 

r 

HC CHOH 
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A 


d” 

Its crystalline phenylure- 
thane has M.P. 94°-95*. 

Carvestrene. The racemic form of Sylves- 
Irene. 

Carvomenthol, C 10 II M O. A monocyclic ter- 
pcnc alcohol, which docs not 
occur in nature. It contains 
3 asymmetric carbon atoms 
and can therefore exist in 8 
optically active and 4 race¬ 
mic forms. It can be ob¬ 
tained by the reduction of 
carvone, carvenonc, carvo- 
tanacctone, and carvomen- 
thone. It has the following 
constants : B.P. 220°, d” 

0-904, n" 1-4036. It forms 
a phenylurcthane of M.P. 

74°-75°. 

Carvone, C, 0 H I4 O. This compound is a 

ketone derived from the terpene, dipcntenc, 
and has the constitutional 
formula shown herewith. It 
occurs in both d- and /-forms; 
d-carvone is the main con¬ 
stituent of caraway and dill 
oils, whilst /-carvone is the 
chief constituent of spearmint 
and kuromoji oils. Carvone 
is a colourless oil with a very 
characteristic smell, B.P. 230°, 
dj*0-961, [<x]£ ± 62-3°. It 
forms a crystalline compound 
with H,S which may be used 
for its separation. 

Caryophyllenes, C 14 H, 4 . A mixture of 
sesquiterpenes, forming the chief hydro¬ 
carbon component of clove oil, which also 
occurs in African copaiba oil. It probably 
consists of a-, £* and y-caryophyllene, but 
it is not quite certain that the y-isomer is 
not formed during the process of separation. 
a-Caryophyllene has not been obtained pure. 
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It is present in the highest boiling fraction 
of the mixture, of B.P. 132°-134°/16 mm. 
and yields a nitrosochloridc of M.P. 177°. 
0-Caryophyllcnc is l.xvorotatory and is 
present in the fraction of B.P. 129°- 
130*/14 mm. 

Cascara sagrada is the dried bark of 
Rhamnus purshiana, an American shrub. 
The freshly dried bark has emetic properties, 
and it is necessary to keep it for at least a 
year before use, during which time these 
properties disappear. Cascara sagrada has 
a very unpleasant bitter taste; it contains 
emodin, and is used as a laxative, acting on 
the large intestine. It is administered either 
as the liquid extract prepared with water 
and preserved with alcohol, or as the solid 
extract, in the latter form being used for 
pills and compressed tablets. 

Case hardening. A process for producing 
a hard wearing surface on a tough interior. 
It consists essentially of producing a surface 
of high carbon steel, and is carried out by 
heating in closed containers, the article 
being packed in carbon. It is similar to 
the cementation process for the manufacture 
of crucible cast-steel. The thickness of the 
case depends on the length and number of 
the cementations and may be 1 /16 inch or 
more. The case is subjected to a final 
hardening by quenching in water. 

Casein. Casein is the principal protein 
of mammalian milk. It is a phosphoprotein, 
has acidic properties, and occurs in milk as 
a suspension of calcium caseinate. It is 
a white amorphous powder, insoluble in 
water and acids, but readily soluble in 
alkalis. It is not a single protein, and its 
molecular weight varies according to the 
method of preparation. Casein is prepared 
industrially from cows’ milk by precipita¬ 
tion with mineral acids, by souring with 
rennet, or by leaving the milk to turn sour. 
Caseins prepared by these different methods 
have slightly different properties and dif¬ 
ferent uses. Rennet casein is used almost 
exclusively for the manufacture of plastics, 
while acid casein is widely used medicinally 
in food preparations, as a constituent of 
adhesives, and as an emulsifying agent in 
the paint industry, the paper industry, and 
numerous others. 

Rennet casein for plastics is obtained 
from Argentine and south France and is 
shipped in a coarse powdered state. To 
produce plastic material the casein is 
mixed with a little water and passed through 
a heated extrusion machine which homo¬ 
genizes it giving continuous lengths of 
selected profiles. These may be used as 
such or may be hot-pressed to give sheets, 
either by direct pressing, or by slicing 
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Casing 

from a pressed block The casein rods, 
tubes and sheets are hardened m dilute 
formaldehyde solution. Casein plastics 
may be light coloured, are non-inflammable, 
and have excellent machining properties; 
they have poor water resistance. Casein 
is used widely in the manufacture of 
buttons, buckles, and umbrella handles. 
Brand names include Erinoid, Galalith, 
and Lactoid. 

Casing head gas. Natural gas evolved 
from crude petroleum at the well head. 

Cassel yellow. See Lead chlorides. 

Cassiopeium, Cp. See Lutecium. The 
name cassiopeium was coined by von 
Welsbach for a rare earth element of the 
yttrium group and is still used in the 
German literature. The name lutecium is 
used in England and in the U.S.A. 

Cassiterite or Tinstone, SnO„ is the prin¬ 
cipal ore of tin and is found in many coun¬ 
tries. The crystals belong to the tetragonal 
system, having the rutile structure ( 7 . 0 .), 
a ~ 4-72, C-310A., a : c — 1 : 0 672. 

Hardness GJ, sp. gr. 0 4-71. It is a black 
or brown mineral with an adamantine lustre 
and a very strong refraction. The crystals 
are usually twinned. Cassiterite usually 
contains Fc, 0 , and other impurities and to 
these it owes its colour, for the purest 
crystals are colourless. In some cases it 
seems that cassiterite has been deposited 
from a solution. 

Artificial crystals have been prepared 
by the oxidation of metallic tin. 

Cast iron. Cast iron is primarily an alloy 
of iron and carbon containing 2-5 % to 
4 % of the latter. In addition, it contains 
substantial amounts of other elements, 
silicon being the most important, as it 
determines the form of carbon in the metal. 
The other elements, often regarded as 
impurities, arcgencrally phosphorus, sulphur, 
and manganese. 

Structurally cast iron may be considered 
as a metal with a stecl-likc matrix broken 
up by excess carbon thrown out of solution 
on solidifying. The amount of this free 
graphite determines whether it is a white, 
mottled, or grey cast iron, the latter having 
the larger amount of graphite. In the white 
irons the carbon present is combined as 
iron carbide. The matrix also contains 
other inclusions, of which the most impor¬ 
tant is the phosphide eutectic, others being 
manganese and iron sulphides, silicates, and 
slag particles. 

Castner, Hamilton Young (1859-1899). 
Bom in Brooklyn, N.Y., Castner was 
educated at Columbia University. He 
became an analytical chemist in New York, 
but in 1886 he came to England to work 


a cheap process for making the metals 
sodium and potassium. In 1891 he de¬ 
veloped a new process for the isolation of 
sodium by the electrolysis of brine and 
established the Castncr-Kellner Company 
to work the process. Kellner was an 
Austrian who had also been interested in 
the same problem. See J.S.C.I., 1899, 
pp. 901, 986. 

Castor oil is the fixed oil expressed from 
the seeds of Iticinus communis. It con¬ 
sists almost entirely of the glyceryl esters 
of ricinoleic acid. It is miscible with 
alcohol, has d 0-958 - 0-969 fa]* D °, not 
less than 8-5°. It is used as an aperient, 
and in ophthalmic practice to allay pain 
and as a solvent for alkaloids which are 
to be applied to the eye. 

Cast phenol-formaldehyde resins. The 
resins are produced by an initial ulkaline 
condensation of phenol with high molecular 
proportions of formaldehyde, followed by 
acidification and addition of plasticizer, 
vacuum dehydration and cure. The resins 
are cast into lead or glass moulds and 
hardened by heat treatment for some days. 
Cast phenolic resin is produced in trans¬ 
parent, translucent, opaque, coloured, and 
variegated patterns. The hardened material 
can be sliced, machined, and polished. 
It is used extensively for the production of 
buttons, brush handles, radio cabinets, 
and desk sets. A special type of cast 
resin has been developed for tcinplutcs and 
metal pressing jigs and dies. 

Catabolism. Sec Metabolism. 

Catalase. Enzymes which destroy hydro¬ 
gen peroxide are collectively termed cata¬ 
lase. The most active and stable prepara¬ 
tions arc made from liver extract, and their 
activity is ascribed to their haimatin-iron 
content attached to a colloidal protein 
carrier. Catalases of different origin prob¬ 
ably differ mainly in regard to the nature 
of their colloidal carriers. The claim has 
been made by Agner (Z. physiol. Chem., 
1935, 235, 11) that by dialysis catalase may 
be separated into two inactive fractions, 
namely the prosthetic group and the 
protein, which become catalytically active 
again on mixing. Vegetable catalase is 
much less stable. 

Catalysis. The term catalysis was intro¬ 
duced by Berzelius to describe processes 
in which the rate of reaction is influenced 
by a substance that remains chemically 
unaffected ; the substance is known as a 
catalyst. If the reaction is hindered the 
added substance is called a negative 
catalyst; the word catalyst implies ac¬ 
celeration of the process. Catalytic changes 
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may be homogenous or heterogenous, but 
all comply with two main criteria : 

(1) Although it afTects the rate at which 
equilibrium is obtained in a reversible 
reaction, the catalyst docs not affect the 
position of the equilibrium. 

(2) The catalyst can be recovered un¬ 
changed chemically at the end of the 
reaction, although it may be changed 
physical)*. 

Catalysis, mechanism of. The action of 
catalysts is often ascribed to the formation 
of intermediate compounds by the catalyst, 
which, under the conditions of the experi¬ 
ment urc only of transient existence, so 
that the catalyst is recovered unchanged 
in chemical composition at the end of the 
experiment. For example, the action of 
manganese dioxide in facilitating the de¬ 
composition of potassium chlorate may be 
considered to undergo tire following changes : 
2MnO, + 2KC10, ~ 2KMnO« + Cl, + O, 

2KMnO, = K,MnO, + MnO, + O, 

K.MnO, + Cl, - 2KCI + MnO, + O,. 

In other cases, when the intermediate 
compound theory cannot be applied, the 
action of a catalyst may be explained by 
the adsorption theory, as, for example, in 
the union of hydrogen and oxygen on the 
surface of platinum. It is assumed that 
combination is preceded by the adsorption 
of one or both the reactants on the surface 
of the catalyst, where they arc brought 
into closer contact, and their concentration 
is thereby increased, such that the reaction 
is facilitated. Moreover, the actual process 
of adsorption may yield a certain amount 
of energy which may be available for pro¬ 
moting the reaction. The adsorption theory 
finds a wide application to those catalytic 
reactions involving the use of catalysts 
which arc in a different phase from the 
reactants, e.g. reactions between gases or 
liquids on solid catalysts. 

Cataphoresis. When two electrodes are 
inserted in a suspension or a colloidal sol 
and a potential difference applied (small 
current to prevent disturbances due to 
electrolysis and gas evolution), the dis¬ 
persed particles move with respect to the 
dispersion medium. This movement is 
termed cataphoresis. There arc various 
methods of measuring cataphoretic velocity, 
such as the moving boundary method in 
which the movement of a coloured boundary 
of the dispersion in a C/-tubc is observed 
and ultramicroscopc methods in which the 
actual motion of the individual particles 
across the field of the ultra-microscope is 
measured. 

Most solids are negatively charged with 


respect to water, but hydroxide sols and 
basic dyes arc positive. It must be realized, 
however, that by the adsorption of ions of 
the opposite sign, the charge of a colloid 
may be reversed and with it the direction 
of cataphoresis. 

When the particles of a colloidal sol reach 
the electrode, they lose their charge and 
generally coagulate to coarse aggregates. 
The magnitude of cataphoretic velocity is 
to some extent a measure of colloidal 
stability. The charge on the particles is 
related to the velocity of migration thus : 
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(u is the velocity, £ the electrokinctic poten¬ 
tial, 17 the viscosity, II the potential 
gradient, and D the dielectric constant of 
the medium). 

Catechol, 0,11,0,. Colourless 
M.P. 105°, B.P. 240°. Soluble in 
water, alcohol, ether, benzene, and 
alkalis. Alkaline solution gives 
green coloration with ferric chlo¬ 
ride, and turns brown on stand¬ 
ing in air. Strong reducing agent. 

It can be obtained from catechu, a natural 
dye. Prepared by fusing o-benzcnc-disul- 
phonic acid with caustic soda. 

Used as a photographic developer. 

Catechu is a dried aqueous extract pre¬ 
pared from the leaves and shoots of Uncaria 
gambier, a plant growing in the Malay 
Archipelago. It occurs in small pale brown 
cubes and contains catcchin and catechu- 
tannic acid. Catechin has the formula 



Catechu is a powerful astringent and is 
used chiefly for diarrhoea. 

Cathode. The electrode which carries the 
negative charge is termed the cathode, and it 
is on this electrode that the positive ions, such 
as sodium, are liberated during electrolysis. 

Cathode glow. See Glow discharge. 

Cathode particle. Another name for an 
electron. 

Cathode rays. These are rays which 
travel towards the cathode in a low pressure 
gas discharge (less than 0 01 mm.). The 
rays consist of electrons of varying velocity 
which may be detected in a beta ray counter 
and photographed in a cloud chamber. 

Cation. The positively charged ion 
which moves towards the cathode during 
electrolysis is termed the cation. 
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Caustic 

Caustic potash. See Potassium hydroxide. 

Caustic soda. See Sodium hydroxide. 

Cavendish, Henry. The son of ix.rd 
Charles Cavendish and grandson of the 
Duke of Devonshire ; bom at Nice in 1731, 
and educated at Cambridge. In 1764 he 
determined the specific heat of various 
metals and other solids, but this informa¬ 
tion was not published until later. He 
investigated carbon dioxide and the nature 
of the hardness of water. He determined 
with great care the composition of air, and 
showed that in addition to oxygen and 
nitrogen it contained about 1 per cent, of 
another gas, now known to be argon. He 
discovered the composition of water, and 
determined the weight of the earth ; died 
in 1810. See Thorpe’s 44 Essays.” 

Cedrene, C I4 H I4 , is found in cedar-wood 
oil and can be prepared by the reduction 
of the alcohol, cedrol (cedar-wood camphor). 
Cedrene is a viscous oil of B.P. 121°/12 mm., 
d‘ T 0 9307, n n 1-5030, [a] D — 62-8°. A 
specimen prepared from cedrol had (a) D — 
85*57°. On oxidation with chromic acid 
it forms a ketone, cedrone, C i4 H m O, which 
yields a scmicarbazone of M.P. 242°-243°. 

Celestine is native strontium sulphate, 
SrS0 4 . The mineral generally forms 
colourless or yellowish orthorhombic crys¬ 
tals, sp. gr. 3-0, hardness 3-3-5. Some 
specimens have a sky-blue colour, to which 
the name is due. Crystals of celestine are 
isomorphous with those of barytes. 

Celite, (a) a trade name applied to 
Kieselguhr, found in the United States and 
used, chiefly, as an insulating material. (6) 
a term applied to a light-coloured and to a 
dark-coloured constituent of Portland cement 
of indefinite composition—probably 3CaO, 
Al t O, and 4CaO, Al,0„ Fc,0, ; the latter 
may be brown millcrite (2CaO, Fe t O„ 5H,0). 

Cellarius tourill. A vessel used in a 
similar manner to the Wolff bottle for the 
absorption of a gas at a liquid surface. 
The vessel is a closed trough of inverted 
U cross-section ; liquid flows through a 
series of tourills, the gas to be absorbed 
flowing counter-currently and being brought 
into contact with the liquid surface by inlets 
and outlets in the tops of the vessels. Such 
equipment is normally made in stoneware 
and finds its widest application in the 
manufacture of hydrochloric acid. 

Cell dimensions. See Crystal structure. 

Cellobiase is an enzyme belonging to the 
/?-glucase class which is able to hydrolyse 
the disaccharide cellobiose and perhaps also 
gentiobiose. Very little is known about it. 

Cellobiose, C xl H„O n , is the disaccharide 
which forms the basis of cellulose. It ha9 
the constitution glucosc-4-/?-glucoside. The 


crystalline 0-form has M.P. 225" and the 
rotation increases in solution from + 
to + 35°. It has been synthesized, but 
has never been found naturally per se or as 
a glycoside. It is a constituent of lichenm 
and tunicin ; it is prepared by acetolysis of 
filter paper. It bears the same relation to 
cellulose as maltose docs to starch. Cautious 
hydrolysis of cellulose yields ccllotetrose 
and ccllotriosc. 

Cellophane. A transparent cellulose in 
the form of sheets, prepared by extruding 
cellulose xanthogenate solution through a 
long, narrow slit into a bath of acid. 
Cellophane swells and softens when im¬ 
mersed in water, but may be rendered 
waterproof by a varnishing process. It is 
widely used as a wrapping material for 
foodstuffs, cigarettes, etc. The name is 
a registered trade mark. 

Cellosolve is a trade name for Ethylene 
glycol monoethyl ether. 

Cellosolve acetate is a trade name for 
Ethylene glycol monoethyl ether acetate. 

Celluloid. A thermoplastic composition 
based on cellulose nitrate (11% nitrogen) 
plasticized with camphor by kneading 
with alcohol as a solvent. The dough 
from the mixer is rolled and pressed with 
a heating and cooling cycle to give blocks, 
subsequently sliced to sheets up to 1 $ ins. 
thick. The sheets are dried and polished 
in a press. Celluloid is strong and may be 
obtained in transparent, translucent, opaque, 
coloured, and variegated patterns ; it is 
easily shaped and machined but is very 
inflammable and tends to yellow on ageing. 
It is used for toys, novelty articles, foun¬ 
tain-pen barrels, and decorative purposes. 
Celluloid for photographic film is produced 
by a special solvent-casting process. Brand 
names include Xylonite, Amerith, Celluloid, 
Nitron, Pyraline. 

Cellulose, (C 4 H X0 O 4 )„ the molecule of 
growth, the carbohydrate of the cell wall 
and the constituent of cotton and other 
fibres, is a polysaccharide composed entirely 
of glucose. A very large number of units 
are arranged in such a way as to give to 
cellulose its properties. Starch is also 
built up entirely of glucose, but the molec¬ 
ular architecture is of another type. The 
problem has been attacked by chemical, 
physical, and X-ray methods: it is ap¬ 
proaching solution. The glucose units have 
the pyranose ring structure; they are 
joined together in a very long chain through 
oxygen which unites carbon 1 in one unit 
to carbon 4 in the next. The glueoside 
linkage is 0, whereas in starch it is a ; this 
is the most striking example of the implica¬ 
tions of stereochemical differences. 
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Strong acids completely hydrolyse cellu¬ 
lose to glucose ; incomplete hydrolysis yields 
fragments containing 2,3, and 4 glucose units 
as well as dextrins of larger molecular size. 
Under special conditions a large yield of 
ccllobiosc can be obtained proving the 
existence of this repeating unit in cellulose. 
The formula can be written as a carbon 
skeleton in which the terminal carbon atom 
lies first on one side of the chain and then 
on the other : 


frames, and toys. Continuous lengths of 
cellulose acetate film arc made by a solvent- 
easting process and arc used for home 
cinema film. Cellulose acetate is also 
widely used in rayon manufacture. Brand 
names include Bexoid, Bhodoid, and 
Erinofort. 

Cellulose ethers. Treatment of alkali- 
cellulose with aryl- and alkyl-halides gives 
cellulose ethers which may be used for 



The vexed question is in regard to the 
magnitude of the molecule which is con¬ 
nected with the problem: how for is 
cellulose altered and simplified during the 
process of separating it from other cell 
wall constituents ? Haworth, who uses a 
process involving acetylation and mcthyla- 
tion, propounds a minimum chain length of 
100-200 units. Physical methods give a 
much higher figure, and it is safest to 
consider cellulose ns a thread of nearly 2000 
units, or more exactly that it is a mixture 
of long chains of vurying length, what is 
measured being the mean. It is improb¬ 
able that pure cellulose is homogeneous; it 
must be regarded as a chain frequency 
distribution. 

Cellulose forms a triacetate, the cellulose 
acetate of commerce, and a trinitrate, the 
nitrocotton of the explosive and other 
industries. 

Cellulose acetate plastics. Cellulose, in 
the form of cotton (inters or purified wood 
pulp, is acctylatcd by, for example, treat¬ 
ment with acetic anhydride in the presence 
of acetic acid using sulphuric acid as 
catalyst. Complete acetylation gives sub¬ 
stantially the chloroform-soluble cellulose 
triacetate which is normally ripened to 
obtain an acetone-soluble product (53-5 % 
acetic acid) for use in plastics. Cellulose 
acetate with a plasticizer such as dimethyl 
phthalate is worked by the celluloid tech¬ 
nique to give sheet material. Cellulose 
acetate moulding and extruding material 
is made by compounding cellulose acetate 
with plasticizers, dyes, and lubricants, etc. 
Cellulose acetate plastics may be injection- 
moulded, extruded, sliced, and hot shaped, 
and are widely used in the production of 
combs, buckles, brush backs, spectacle 


celloblote unit -*■ 


plastics and surface coating materials. 
Ethyl cellulose is the chief ester used 
industrially : and when compounded with 
suitable plasticizers it can be fabricated by 
the celluloid technique, by injection mould¬ 
ing, and by casting. Ethyl cellulose plastics 
have better resistance to chemical attack 
and better low temperature flexibility 
than cellulose ester materials. Methyl 
cellulose is water-soluble and is used us an 
emulsifying, sizing, nnd priming material. 

Cellulose nitrate. Cellulose (generally 
cotton linters or purified wood-pulp) is 
nitrated, e.g. by treatment with nitric 
and sulphuric acids. The reaction is 
carried to a stage giving a product of the 
required solubility characteristics. Cellu¬ 
lose nitrate of about 11 % nitrogen content 
is used for plastics. Cellulose nitrate of 
higher nitrogen content (U’5-12-5 %) is 
used for lacquers and explosives. 

Cement, a substance used to make other 
substances cohere. There arc many kinds 
of cement, but they may be divided into two 
main groups : (1) cements used to bind 
together numerous particles so as to form 
a coherent mass of considerable strength, 
and (2) those used to unite two or more 
separate masses (e.g. portions of a broken 
article) ; this second class includes glues 
and various organic cements. Cements in 
the first group include Portland cement, 
ciment fondu, Keene’s cement, and many 
others. Cements which form a plastic 
paste with water and set hard on standing 
are known as hydraulic cements. Cements 
are also known by their chief constituent, 
as calcareous cements, aluminous cements, 
siliceous cements ; also by their character¬ 
istic property as acid-resisting cements, 
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quick-setting cements rapid-hardening 
cements ; by their reputed origin, as Roman 
cement, and by their fancied resemblance 
to some other material, as Portland cement 
which was, at one time, supposed to re¬ 
semble Portland stone. Cements which 
can be used at high temperatures, e.g. for 
repairing furnaces, are known as refractory 
cements? The term “ cement " is also used 
for any argUlaceous limestone capable of 
producing cement when sintered. 

Cement gun, a device for spraying a 
semi-fluid mixture of Portland cement or 
other cement with sand or grog and water 
on to a surface which it is desired to cover 
or into cracks or fissures which it is wished 
to fill. It consists essentially of a cylindrical 
container, a flexible hose with nozzle, and 
a supply of compressed air. The material 
used in this device is sometimes known as 
gunite ; it is really a fine concrete. 

Cement, quick-setting, a variety of 
Portland cement which, when made into 
a soft paste with water, rapidly sets and 
forms a hard moss. Tn this respect it is 
distinguished from similar cements which 
require a longer time before setting. The 
difference depends on a slight difference in 
composition and in the heat-treatment in 
the kiln. The setting can also be reduced 
by the addition of very small proportions of 
gypsum. Quick-setting cements arc often 
troublesome to use and most slow-setting 
cements are safer in unskilled hands. Care 
must be taken not to confuse “ quick- 
setting ” with " rapid-hardening.” 

Cement, rapid-hardening. A term applied 
to Portland and other cements which (after 
setting) attain so large a proportion of 
their maximum hardness that the product 
(concrete) may be used in three or four 
days instead of a month, as was the case 
before rapid-hardening cements were made. 
The rapidity or slowness of hardening 
depends partly on the composition and 
heat-treatment of the cement clinker, but 
also, to a large extent, on the fineness of the 
grinding. There is no necessary relation 
between the rate of setting and the rate 
of hardening so that a slow-setting cement 
may harden rapidly. 

Cement, Scott’s. See Cement, selenitic. 

Cement, selenitic, a product obtained by 
calcining an argillaceous limestone, so as 
to form a hydraulic lime, and adding to 
this about 5 % of finely ground plaster 
of Paris. It is also known as Scott’s 
cement. 

Cementation process of steel manufacture. 
This is the oldest commercial method of 
manufacture. Bars of refined wrought iron 
are embedded in charcoal and kept in an 


air-free furnace at a yellow heat for about 
ten days, the appearance of the fracture of 
trial bars withdrawn from time to time 
deciding the actual time. After firing the 
bars are then allowed to cool slowly, taking 
about a week. The bars are now known 
as " blister steel.” They are broken into 
short lengths and sorted according to 
fracture. These are then welded together 
and drawn under the hammer to obtain 
homogeneity. The result is called “ single 
shear steel,” and if once again cut up and 
rewclded “ double shear steel.” The final 
treatment consists in melting down in 
crucibles and casting into ingots giving 
“crucible cast steel.” 

Cementite. A carbide of iron having the 
chemical formula Fe,C. It is a hard, brittle 
substance, and crystallizes in thin plates. 
It is practically insoluble in a- and 0-iron, 
but relatively very soluble in yiron. In 
alloy steels cementite refers to the solid 
solution formed by the carbides of metals, 
other than iron, in Fc,C. Microscopically 
cementite is white, like ferrite, and a 
suitable etching agent, such as alkaline 
sodium picratc, is required to show up the 
cementite from the ferrite. The cutcctoid 
pcarlitc is ferrite and cementite. 

Centre of symmetry. See Crystal symmetry. 

Centrifugal grinders. The principle on 
which all these mills, including the Raymond 
and Griffin types, operate is that of a scries 
of grinding heads suspended around a ver¬ 
tical central shaft by means of yokes in 
such a way that they arc free to move 
outwards under the action of centrifugal 
force. On rotating the shaft these grinding 
heads, which arc in the form of rollers, are 
forced outwards ugainst a bull ring round 
which they roll rapidly, grinding any 
material fed on to this ring. 

The ground fines are removed in an air 
current, the velocity of which can be varied 
according to the fineness of the product 
required, and are collected in a cyclone 
separator, bag filter, or system of screens. 

The Fuller-Lchigh mill works on exactly 
the same principle as the Raymond and 
Griffin types, the only difference being that 
the grinding is carried out by heavy metal 
balls running in a race and propelled by 
vanes projecting from a vertical central 
shaft. A fan is also carried on this shaft 
for the purpose of discharging the product. 

Centrifuge. An apparatus which utilizes 
centrifugal force to separate solids and 
liquids. The principle is very similar to 
that of the ordinary gravity filter, except 
that the force available to effect the separa¬ 
tion in the one is very much greater than 
the gravitational force used in the other. 
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Commercial centrifuges usually consist 
of a basket into which the solid/liquid 
mixture is fed. On rotating at a high 
speed the liquid is flung outwards and 
escapes through perforations, leaving the 
dry solids in the basket. 

Vertical centrifuges may be either over¬ 
driven or underdriven, i.e. the motor 
may be mounted either above or below the 
basket. The product may be discharged 
through a valve in the bottom of the basket 
when the process is complete or may be 
dug out. 

Cerasin. Sec Ccresin. 

Cerebron. See Phrenosin. 

Cerebronic acid. Sec Phrenosinic acid. 

Cerebrosides, Galactolipid(e)s, Galactoli- 
pin(e)s. A group of substances of a glyco¬ 
side nature which on hydrolysis give 
galactose, the base sphingosine, and a fatty 
acid. They occur chiefly in brains in 
company with sphingomyelin, from which 
they cannot easily be separated, as they 
resemble it in chemical and physical 
properties. Among the cerebrosides are 
phrenosin, kerasin, and nervone. Sec 
“ Lecithin and Allied Substances," by 
Maclean and Maclean. 

Ceresin, Cerasin, is a white, odourless, 
waxy solid used as a substitute for beeswax 
in ointments and polishes. It is obtained 
from ozokerite by various processes. The 
melting-point varies from GO 0 to 80* accord¬ 
ing to source and method of purification. 
See Ozokerite. 

Cerium, Cc. At. wt. 14013, At. no. 58. 
D - 0 75, M.P. 815°. Crystallizes in two 
forms : a-ccrium has the close-packed 
hexagonal structure, a =■ 3 65, c ■■ 5-91 A., 
and 0-ccrium has the face-centred cubic 
structure, a = 514 A. Cerium is the 
commonest of the rare earth elements. 
The principal source of the element is 
monazitc sand, a cerium-lanthanum phos¬ 
phate containing thorium. Hare minerals 
such as cerite, H,(Ca, Fc)Ce,Si a O„, are the 
other source of cerium. These minerals 
usually contain several of the rare earths 
and the separation of the cerium is very 
often a long and tedious process. 

The metal has been obtained by the 
reduction of the chloride with sodium or 
potassium, and by the electrolysis of fused 
cerous chloride, CeCI,, alone or mixed with 
potassium chloride and fluorspar. It is a 
soft metal, resembling iron in appearance, 
and is ductile, although crystalline. 

The metal reacts readily with oxygen or 
halogen, and gives a solid solution of 
hydrogen and cerium on heating in 
hydrogen. 

Cerium alloy. See Pyrophoric alloy. 


Cerium chlorides, Cerous chloride, CeCI,. 
Cerium, cerous oxide, hydroxide, etc., dis¬ 
solve in hydrochloric acid with the forma¬ 
tion of cerous chloride. Crystallization 
from a syrupy solution yields crystals of 
the formula 2CcCI,. 1511,0, or at low tem¬ 
perature from the same solution the hepta- 
hydratc, CeCI,, 711,0. The anhydrous suit 
is obtained by dehydration of the above 
forms in a current of hydrochloric acid 
gas. It is also obtained as u yellow-white 
sublimate by passing chlorine over a heated 
mixture of ceria and carbon. 

Ceric chloride, CcCI 4 . This salt is un¬ 
known in the free state. Ceria dissolves in 
concentrated hydrochloric acid to give a 
brown unstable solution containing ceric 
chloride, CeCI 4 , or the compound H,CcCl a . 
The pyridine salt of this latter acid is 
known, (C,H 4 NII),CcCI 4 . 

Cerium compounds. Cerium forms two 
series of compounds, cerous salts, CcX„ 
and the ceric salts, CcX 4 . The cerous salts 
are colourless and the more stable, usually 
similar in composition to and isoinorphous 
with the corresponding compounds of the 
other rare earth elements. The eerie 
compounds arc usually coloured yellow- 
orange and arc easily reduced to the corre¬ 
sponding cerous compounds. 

Cerium oxides, Cerous oxide, Cc,0,. 
The ignition of a cerous salt of a volatile 
acid in the absence of air gives impure 
cerous oxide, Ce,0,; the composition 
corresponds more closely with Ce 4 0,. It 
is obtained as a yellow powder by the 
reduction of ceric oxide with calcium. 

Cerium dioxide, Ceria, CcO,. On heating 
the cerous salts with volatile acids (oxalate, 
nitrate) cerium dioxide is formed. Ceria 
is a nearly white powder with a faint yellow 
tinge. Traces of praseodymium salts give 
the oxide a darker colour; ceria containing 
1 •/© of the oxide Pr,0, is dark brown in 
colour. The oxide is soluble in hot con¬ 
centrated sulphuric acid with the formation 
of ceric sulphate, Ce(S0 4 ),. In concen¬ 
trated hydrochloric acid it gives a brown, 
unstable solution of ceric chloride, CeCl 4 . 
On heating in vacuum or hydrogen a dark 
blue suboxidc, Cc 4 0 7 , is formed. 

Cerium sulphates, Cerous sulphate, 
Ce,(S0 4 ),. Cerous sulphate is obtained by 
the reduction of ceric sulphate, conveniently 
with hydroquinone. It forms hydrates 
with 12, 9, 8, 5, and 4H,0. The anhydrous 
salt is obtained by the dehydration of a 
hydrate at 400°-500°. 

Ceric sulphate, Cc(S0 4 ) t . Ceria dissolves 
in concentrated sulphuric acid with the 
formation of ceric sulphate, Ce(S0 4 ),. 
From solutions in moderately concentrated 
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sulphuric acid, sulphur-yellow crystals of 
the tctrahydrate, Ce(S0 4 )„ 4H *y’ are 

obtained. From concentrated solution* 
yellow crystals of the anhydrous salt are 
deposited. Ceric sulphate is a powerful 
oxidising agent, and is used to some extent 
as such in quantitative analysis. 

Cerotic acid. A fatty acid occurring 
free in beeswax and camauba oil and com¬ 
bined with ceryl alcohol in Chinese wax 
and in wool fat. As with most wax acids 
it is a mixture, consisting chiefly of hexa- 
cosanic acid, CH^CH,),.. COOH (M.P. 
88°), but containing C 14 and C„ acids as 

well. 

Ceryl alcohol, C 14 H 44 0. 

CH, • (CH,) I4 • CH,OH. 


Colourless crystals, M.P. 84°. It occurs as 
esters in various waxes, ceryl palmitate 
being the chief component of opium wax 
and ceryl cerotate of Chinese wax. 

Cetane number. A method of expressing 
the ignition lag of a Diesel fuel in terms of 
the ignition properties of mixtures of cetane 
and a-methylnaphthalcne, in exactly the 
same way as the octane number is used to 
express the anti-knock properties of a gaso¬ 
line. Originally cctene was used in place of 
cetane giving a corresponding cctene number. 
Cetavlon (CTAB). A trade name for 

cctvltrimethylammonium bromide. White 

crystals, M.P. 285°-240° 
C, e H„v (dccomp.). Solubility in 

• £!i s >N—Br water 0-5 per cent, at 20°, 
£{{3/ 40 per cent, at 30°. The 

CHs best known of a group of 

cationic detergents which act as wetting 
agents by lowering the surface tension of 
a solution. It is also a potent bactericide 
and is particularly suitable for sterilizing 
the skin. 

Cetene number. See Cetane number. 

Cetyl alcohol, Hexadecanol, C 14 H, 4 0. 


CH, • [CH,] 14 • CH,OH. 


Colourless crystals, M.P. 49°. It occurs as 
esters in various waxes, the most important 
being cetyl palmitate, which is the chief 
component of spermaceti. 

C.F.R. engine. A type of variable com¬ 
pression petrol engine in which the octane 
number of a fuel may be determined by 
direct comparison with a series of standard 
fuels of known octane numbers. The 
intensity of knock is in this case indicated 
by a bouncing pin the movements of which 
follow the changes of pressure in the cylinder, 
the pin being so adjusted that it remains 
stationary in the absence of knocking. 

Chadwick, Sir James (1887- ). After 

working at the Cavendish Laboratory, 


Chadwick was in 1935 appointed professor 
of physics at Liverpool University. He 
was awarded the Nobel Prize for Physics 
in 1935 for his discovery of the neutron 
and other work in the field of atomic 
physics, and was knighted in 1940. 

Chalcedony, a somewhat fibrous form of 
precipitated or colloidal silica which is 
formed in a manner similar to flint and chert. 
It is generally regarded as amorphous, but 
X-ray analysis shows that it has a structure 
similar to quartz, though it shows no 
inversion at 575° and is more easily con¬ 
verted, by heating, into a form of low specific 
gravity (probably cristobalite). At 800° it 
is converted into quartz and tridymite, 
the former being converted into tridymite 
on further heating. Pure chalcedony is 
white, but most specimens are tinted. Sp. 
gr. 2-55-2-58, hardness 7. Refractive index, 
max. 1-543. min. 1-532. A bad conductor 
of electricity, it has a low thermal ex¬ 
pansion. Onyx and ngatc arc similar. 

Chalcopyrite, CuFeS,. This is a variety 
of copper pyrites. It is a common ore of 
copper; crystallises in the tetragonal 
system, a : c - 1 : 0 985, the crystals re¬ 
sembling cubic ones. Hardness 4, sp. gr. 
4-2. Yellow in colour with a metallic 
lustre. The proportion of iron and copper 
is not constant. 

Chalkone, Benzalacctophcnone, C l5 H„0. 

C.H. • CH : CH • CO • C.H, 


Crystallizes in pale yellow prisms, M.P. 
58°, B.P. 345°-348°. Insoluble in water, 
moderately soluble in alcohol, more soluble 
in ether. It can be prepared by condensing 
acetophenone and benzaldehyde in presence 
of sodium ethoxidc. 

Chalybite (or Siderite), FeCO„ occurs as 
yellow-brown crystals or a yellow or brown 
film covering other minerals or as large 
concretionary masses. It is found in large 
quantities in clay ironstone. Sp. gr. 8-7- 
3-9, hardness 3-5-4-5. 

The crystals arc rhombohcdral with 
a - 5-82 A., a = 47° 45'; a' = 0-02 A., 
a' = 103° 5'. 

Chamber press. See Filter press. 

Chandler, Charles Frederick (1836-1925). 
Bom at Lancaster, Massachusetts, Chandler 
was educated at Harvard, Gdttingen, and 
Berlin. After being professor of chemistry 
at Union College (1857-1804), he occupied 
the chairs of chemistry at the Columbia 
School of Mines (1804-1877), the College 
of Physicians and Surgeons (1870-1897), the 
New York College of Pharmacy, and 
Columbia University (1877-1911). In 1911 
he became emeritus-professor. Chandler 
applied his knowledge to public health anil 
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industrial problems, and published the first 
American chemical periodical, the American 
Chemist (1870-1877). lie was President of 
the American Chemical Society in 1881 and 
1889, and was awarded the Perkin Medal in 
1020. 

Chaptal, Jean Antoine Claude, Comte de 
Chanteloup (1750-1832). Bom at Nogaret, 
Lozdrc, Chaptal, the son of an apothecary, 
studied chemistry at Montpellier, where in 
1781 he was appointed professor. With an 
inheritance he established a chemical works 
and in 1793 took over management of the 
saltpetre works at Grenelle. He received 
from Napoleon the title of Comte. He 
was a pioneer in the application of chemistry 
to industry. 

Chardonnet, Count Hilaire de. Count de 
Chardonnet, a French chemist, exhibited, 
in 1889, a material derived from cellulose 
imitative of natural silk. He established 
a works at Bcsan?on and was the first to 
produce artificial silk on the industrial scale. 

Char value. A measure of the tendency 
of a kerosene when burning in a lamp to 
deposit char on the wick. Normally 
expressed ns the quantity of charred 
substances deposited in the course of a 
“ long time burning test ” carried out in 
a specially designed lamp and extending 
over a period of thirty hours. 

Charles, Jacques Alexandre Cesar (1746- 
1823). Bom at Bcaugcncy, Loiret, Charles 
abandoned his position as a clerk in the 
ministry of finance and took up scientific 
study. He was the first successfully to 
use hydrogen for filling balloons and also 
investigated the expansion of gases. In 
1785 he was elected to the Academy of 
Sciences. 

Charles’ law. This law states that at 
constant pressure the volume of a given 
mass of gas varies directly with the absolute 
temperature. 

Charlotte mill. See Colloid mills. 
Chaulmoogra oil is a solid fat expressed 
from the seeds of Ilydnocarpus Kunii. 
It has a characteristic odour and is used 
chiefly for the treatment of leprosy, but 
has also been given internally for phthisis 
and rheumatism. For leprosy, it is given 
internally and is applied also by inunction 
and intramuscular or intradermal injection. 
It is stated to increase the number of 
leucocytes in the blood which in consequence 
becomes more highly bactericidal. 
Chaulmoogric acid, C„H„0,. 


CH,—CHjv 


COOH 


chaulmoogra oil. It crystallizes in colour¬ 
less leaflets, M.P. 68-5°, soluble in ether and 
chloroform. [a] D -f 02° in chloroform. It is 
used in the treatment of leprosy. 

Cheddite. Explosive composed of am¬ 
monium perchlorate, dinitrotoluenc, and 
castor oil. 

Chelate compound. A compound in 
which a co-ordinate linking causes the 
formation of a closed ring of atoms is 
termed a chelate compound; beryllium 
acetylacctonate contains two chelnte rings: 

CII,—C—O O—C—CH, 

\ X ) h 

CH,—0=0 0~('—CII, 

The co-ordinate links arc represented by the 
arrows. 

Chelsea pensioner. See Cuaiacum resin. 

Chemiluminescence. A number of chemi¬ 
cal reactions are accompanied by the 
emission of light, e.g. the oxidation of 
phosphorus. The process is the reverse of 
the ordinnry photochemical one, in which 
reactions are caused to take place by ex¬ 
posing the reactants to light, and is termed 
chemiluminescence. The light emitted by 
the fire-fly or glow-worm, and indeed 
ordinary luminous combustion, arc ex¬ 
amples of this very common phenomenon. 

Chemisorption. In many cases the ad¬ 
sorption of a material at a surface is irre¬ 
versible and essentially chemical in nature, 
resulting in the formation of a surface 
compound. An example of this is given 
by the carbon-oxygen system. Carbon 
readily adsorbs oxygen, but on evacuation 
of the carbon the gas cannot be recovered. 
If the charcoal is heated, the oxygen is 
finally obtained in the form of oxides of 
carbon, which shows that it must have been 
held to the surface by normal chemical 
forces. Films of oxygen on the surface of 
metals are also of this type. Sec Adsorp¬ 
tion. 

Chenevix, Richard (1774-1830). Contri¬ 
buted many papers to Nicholson's Journal 
and to Philosophical Transactions from 1800 
onwards. Sec Chem. and Ind., 1930, p. 268. 
Diet. N.B. ix, 185. 

Chenopodium oil. Oil of American worm- 


CH 



: • ch(ch ,) 2 


ascaridole 


A fatty acid occurring as glycerides in 


seed is the volatile oil distilled from Cheno¬ 
podium ambrosioides, var. anthelmintica. 
It is a pale yellow oil with an unpleasant 
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characteristic odour. Its chief constituent 
—ascaridole, C„H,.0,-« a perox,de and 

worms and round worms. UisadmimsUred 
in gelatin capsules on an empty stomach 
and is followed some hours later by a saline 
purgative. Great care in the dosage* 
necessary, otherwise poisonous symptoms 

m c'herwell of Oxford, Baron. Frederick 
Alexander Lindemann was educated at 
Darmstadt, Berlin, and Paris. Throughout 
♦he first world war he was director of the 
Royal Air Force Physical Laboratory. 
In 1910 he became professor of experimental 
philosophy at Oxford. During the 1939- 
45 war he was personal adviser to the 
Prime Minister. He was made a peer in 
1941. 

Chevreul, Michael Eugene (1786-1889). 
Bom at Angers, where his father was a 
physician, Chevreul was educated at Paris. 
In 1813 he was appointed professor of 
chemistry at the Lyc<Sc Charlemagne and 
subsequently Director of Gobelins’ tapestry 
works. In 1830 he became professor of 
organic chemistry at the Natural History 
Museum, of which he was appointed Director 
in 1860. His classical researches upon 
animal fats made possible the soap and 
candle industries. In 1820 he was elected 
a Member of the Academy of Sciences and 
in 1857 awarded the Copley Medal of the 
Royal Society. 

Chibnall, Albert Charles (1894- ). 

After working at Yale University and 
University College, London, Chibnall be¬ 
came professor of biochemistry at Imperial 
College, London in 1936 and professor of 
biochemistry at Cambridge in 1013. His 
work has been chiefly concerned with 
plant biochemistry and protein structure. 

Chicle. This gummy resin is obtained 
from the tree Achras sapota, growing in 
Mexico and Central America. It is rubber- 
like and is quite soft at 49°. It is used in 
the manufacture of chewing gum, adhesive 
plasters, electric cable insulation (with 
rubber), and waterproof varnishes, and as 
a modelling material. 

Chile saltpetre. See Sodium nitrate. 

Chillies. See Capsicum. 

Chimyl alcohol, Cetyl-a-glyceryl-ether, 
C^H^O,. 

CH, • [CH J l6 • O • CH, • CHOH • CH,OH. 

Colourless crystals, M.P. 61°. A constituent 
of the liver oils of elasmobranch fishes. 

China clay, a variety of pure white clay 
(kaolin) obtained by applying water under 
pressure to decomposed granite rock in 
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Cornwall and Devonshire and separating 
the coarser particles of impurities by 
elutriation. It has all the properties of 
a kaolin, but when used in the manufacture 
of porcelain it produces a ware slightly 
different from that made of kaolins from 
other sources. The differences arc prob¬ 
ably due to china clay being formed from 
the decomposition of granite by chemi¬ 
cally active fluids (pneumatolysis), whereas 
most other kaolins in Europe are due to 
weathering. 

Its chief uses are in the paper trade, 
porcelain (china ware) and fine pottery 
manufacture, as a filler in the textile and 
paint industries and as an absorbent or 
vehicle for oils in pharmacy. See Kaolimte. 

Chinese blue. Name applied to various 
blue pigments, such as ultramarine, cobalt 
blue, or Prussian blue, used alone or mixed 
with a white pigment. 

Chinese red. Sec Lead chromates. 

Chiniofon is a mixture of 4 parts of 
7 - iodo - 8 - hydroxyquinoline - 
5-sulphonic acid with one part 
of sodium bicarbonate. It is 
a pale yellow powder, soluble 
in water, insoluble in alcohol. 

The acid is insoluble in water. 

It has antiseptic properties 
and is administered cither by mouth or by 
enema in amcebic dysentery. 

Chitin. The skeletal clement of Crus¬ 
tacea and insects, and also of fungi, is not 
cellulose but a polysaccharide containing 
nitrogen made up of glucosamine, i.c. 
2-amino-glucose unite. A second constituent 
is acetic acid. Chitin is very resistant to ucid 
hydrolysis. It is a polymer of N-acetyl glu¬ 
cosamine unite joined through 0-glucosidic 
linkages in a long chain of unknown length. 

H NHAc 




sH«OH 

The powder has [<x] D — 14-7° dissolved in 
cone. HC1. On careful hydrolysis of chitin 
a disaccharide chitobiose is obtained. 

Chitinase, one of the enzymes found in 
the digestive juices of the snail and in 
mould fungi, is able under certain conditions 
to hydrolyse chitin, the skeletal carbo¬ 
hydrate of the Crustacea, and also of fungi, 
the final product being N-acetyl glucos¬ 
amine. It is not the same as emulsin. It 
also attacks synthetic glycosides of acetyl- 
glucosamine. The presence of the acetyl 
group is essential for its activity. 
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Chlorinated 


Chitosamine. Sec Glucosamine. 

Chittenden. Russell Henry (1836-1943). 
Bom nt New Ilavcn. Connecticut. Chitten¬ 
den studied at Yale University and at 
Heidelberg. In 1882 lie became professor 
of physiological chemistry in the Sheffield 
Scientific School, Yale University, and 
in 1898 its director. His researches on 
diet nnd the physiology of digestion were 
among the first scientific studies of these 
subjects, nnd showed that health could be 
maintained on a low protein dietary. An 
inspired teacher and author of numerous 
books and papers, Chittenden exercised a 
great influence on the development of 
physiological chemistry in the United 
States. See .7. Biol. Chem. 1944, 153, 320. 

Chloral, trichloroacetaldehyde, 

CCI, • CIIO, 

is a colourless oily liquid with a pungent 
odour. D*° 1-512, B.P. 08°. Miscible with 
water, alcohol, nnd ether. Manufactured 
by the action of chlorine on alcohol; the 
product of this reaction is chloral alcoholate, 
which is then decomposed with sulphuric 
acid nnd the chloral distilled ofT. When 
allowed to stand, it changes slowly to 
u white solid. Additive compounds are 
formed with water (see chloral hydrate), 
ammonia, sodium bisulphite, alcohols, and 
certain amines and amides. Oxidized by 
nitric acid to trichloroacetic acid. De¬ 
composed by alkalis to chloroform nnd a 
formate : this is a convenient method of 
obtaining pure chloroform. For uses, sec 
chloral hydrate. Gives a blue colour when 
gently warmed with a solution of pyrogallol 
in 05 % sulphuric acid. 

Chloralamide. Sec Chloralformamide. 

Chloralformamide, chloralamide, 

CjH 4 O t NCI„ CCI,CH(OH)NH • CHO, 

is a colourless crystalline solid, M.I\ 115°. 
Soluble in water, alcohol, nnd ether. 
Manufactured by warming chloral with 
formnmidc, nnd rccrvstnllizing the product 
from water. When heated with water 
above 00°, it decomposes into chloral and 
formamidc : decomposed by alkalis to 
chloroform, ammonia, and a formate. It 
is not affected by dilute acids, It is used 
os a hypnotic for insomnia in hysteria, 
neuralgia, and for sea-sickness. Its cfTect 
resembles that of chloral hydrate, but it is 
somewhat slower in action and is considered 
to be sufer. 

Chloral hydrate, trichloroethylidene glycol, 

/°H 

CCIjCHC , crystallizes in large, colour- 
X OH 

less prisms having a peculiar odour. M.P. 


57°, B.P. 97-5’. Very soluble in water, 
alcohol, and ether; less soluble in chloro¬ 
form. Manufactured by adding the cal¬ 
culated amount of water to chloral. For 
other properties see chloral. Its chief use 
is as an anodyne for producing sleep in 
nervous insomnia. 

Chloramine, chloramine T, sodium /»- 
toluenes ulphonchloroamide, 

C,H T O t NCISNa. 3H t O. 

White crystals, which lose 
water at 100° and decom¬ 
pose suddenly at 175°-180°. 

Soluble in 7 parts of water 
and 12 parts of alcohol. 

Prepared from p-toluenc- 
sulphonamide and sodium 
hypochlorite. It is a powerful antiseptic and 
Is used in dilute aqueous solution for washing 
wounds. 

Chlorantimonious acid. See Antimony 
trichloride. 

Chlorates. Salts of chloric acid. 

Chlorazide, N,C1. A colourless, highly 
explosive gas, prepared by the action of 
a hypochlorite on sodium azide in a weakly 
acid medium, c.g. boric acid. 

Chloretone. Sec Acetone chloroform. 

Chlorex process. 0/J-DichloroethyI ether 
is used as a solvent for the removal of 
waxes and undesirable naphthenes from 
lubricating oils. Oils treated by this 
process have an improved viscosity-index 
and resistance to oxidation. 

Chloric acid, IICIO,. Chlorine reacts 
with hot caustic potash solutions to give 
potassium chlorate and chloride. Techni¬ 
cally calcium chlorate is produced from hot 
milk of lime and chlorine. Concentrated 
solutions of sodium chloride at 80° yield on 
electrolysis sodium chlorate—a much used 
industrial method. The free acid is most 
readily obtained by the action of sulphuric 
acid on barium chlorate. The filtered 
solution may be concentrated in vacuum 
over sulphuric acid, until it contains about 
40 % of HCIO,. On further concentration 
the acid decomposes into chlorine, oxygen, 
and perchloric acid. It has a pungent 
smell, similar to that of nitric acid, and 
strong acidic and bleaching properties. 

Chloride of lime. See Bleaching powder. 

Chlorinated rubber. Compounds con¬ 
taining varying proportions of chlorine up 
to about 08 % (corresponding to the for¬ 
mula C^H^Cl,) are formed by reacting 
rubber, in the solid form or in solution, with 
chlorine, the reaction being partly addition 
and partly substitution. The products are 
of considerable technical importance and 
are prepared commercially by the reaction 




Chlorine 
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Of chlorine With rubber dissolved «n carbon 
tetrachloride. Chlorinated rubber is soluble 
in benzene and its homologues. chloroform, 
carbon tetrachloride, and some other 
chlorinated solvents, and certain. esters 
but is insoluble in petrol and alcohol. The 
material is stable for long periods at room 
temperature, but loses hydrogen chloride 
on heating. One of the most important 
properties of chlorinated rubber is its 
stability to acids, alkalis, water, oxidizing 
agents, and atmospheric corrosion, and 1U 
chief use is in anti-corrosive paints. It is 
used also as a plastic, in film form as a 
wrapping material, as an impregnating 
agent, as an adhesive, and as electncal 
insulation, whilst the reaction between 
chlorine and rubber can be used for the 
surface hardening of rubber goods. Chlori¬ 
nated rubber can be obtained in a sponge¬ 
like form, known as expanded chlorinated 
rubber, which is useful for thermal insula¬ 
tion. See also Halogcnated rubbers. 

Chlorine, Cl At. No. 17, At. wt. 85-457. 
M.P. - 100 9°, B.P. - 84-5°. Crystalline 
chlorine consists of molecules Cl„ the Cl—Cl 
separation within the molecule being 1-81 A. 
at — 185° C. Solid bromine and iodine form 
similar molecular crystals. Free chlorine 
was first prepared by Schccle in 1774 by the 
action of hydrochloric acid on manganese 
dioxide. The elementary nature of the gas 
was demonstrated by Davy in 1810. . 

The chief source of chlorine is common 
salt, sodium chloride, NaCI. Chlorine is 
readily obtained by the oxidation of hydro¬ 
chloric acid, with oxygen and a catalyst, 
or manganese dioxide. Technically chlor¬ 
ine is obtained by a suitable adaption of 
these methods or by the electrolysis of 
brine or fused sodium chloride. The gas 
is easily liquefied by compression (6 atm.) 
and is stored and sold in steel tanks or 
cylinders. The electrolytic chlorine is the 
purer product. 

Chlorine is a greenish-yellow, poisonous 
gas. The density corresponds to the for¬ 
mula Cl,. Thermal dissociation occurs at 
1000° ; the gas is 21 % dissociated at 1400°. 
Chlorine is a very reactive element, com¬ 
bining directly with hydrogen and most 
metals and non-metallic elements except 
nitrogen, oxygen, and carbon. The gas is 
soluble in water, a small fraction reacting 
chemically to give hypochlorous acid. 

Chlorine hydrate. An unstable substance 
of the formula Cl„ 6H,O p obtained by 
cooling a solution of chlorine in water to 0°. 
It crystallizes in the cubic system and has 
a density between 1-22 and 1-24. The 
dissociation pressure is 1 atmosphere at 
DO 0 . 


Chlorine oxides. Chlorine forms four 
oxides, the formula, melting-points, and 
boiling-points of which are as follows : 

C1,0 CIO, ci,o, ci,o, 

M.P. -116° -59° 3 5° -01-5 

B.P. 2° 11-0° 203° (calc.) 80° 

The first of these oxides, C1,0, is a t rownish- 
yellow explosive gas, formed by passing 
dry chlorine over mercuric oxide. It is 
absorbed by water, forming a solution of 
hypochlorous acid, Hl'lO. Chlorine di¬ 
oxide. CIO,, is formed by adding concen¬ 
trated sulphuric acid to potassium chlorate 
at a low temperature, or by heating potas¬ 
sium chlorate at 70° with crystalline oxalic 
acid. It is a dangerously explosive com¬ 
pound. It dissolves in water to give a 
mixture of chlorous and chloric acids, and 
with alkalis yields a mixture of chlorites 
and chlorates. The oxide C1,0, has been 
prepared by mixing ozonized oxygen with 
a stream of oxygen carrying chlorine di¬ 
oxide. The heptoxide, C1,0„ is obtained 
by dehydrating perchloric acid, HCIO,, 
with phosphorus pentoxide. Both Cl,0, 
and 0,0, are dangerously explosive. 

Chlorites. See Chlorous acid. 

Chlorites, a group of greenish hydrated 
alumino-mono-silicatcs of magnesium and 
iron, the typical formula being 2MgO, 
Al,0„ SiO„ 2H,0. They occur as hexa¬ 
gonal flakes and sometimes as a bond in 
various rocks. They arc soluble in hydro¬ 
chloric acid, feebly magnetic, and moder¬ 
ately pleochroic. Sp. gr. 2-5-2-S, hardness 
1-5. Chlorites resemble the micas but arc 
softer and more pliublc, though not clastic. 
Structurally, the crystals have the same 
hexagonal sheets of linked tetrahedra as 
the mica group. Chlorite, 

Mg k Al(AlSi,O l0 )(OH)„ 

is monoclinic with a =■ 5-3 A., b = 9-3 A., 
c - 28-46 A., and p = 97° 8'. The long 
c-axis appears to be due to two mica-laycrs 
and two brucite layers in the unit cell. 
Iron and manganese can replace magnesium 
and iron can replace aluminium in six- 
co-ordination. 

Chloroacetic acids, Monochloroacelic acid, 
CHC1 • COOH, forms large colourless cry¬ 
stals which readily absorb water vapour. 
It exists in three solid modifications, a, 
M.P. 63°; p, M.P. 55-6* ; y, M.P. 50*. 
The P modification is the one normally 
obtained. B.P. 189°. Soluble in water, 
alcohol, chloroform, and benzene. Manu¬ 
factured by heating trichloroethylene with 
sulphuric acid, or by treating glacial acetic 
acid with chlorine in presence of red phos¬ 
phorus, sulphur, or acetic anhydride. 
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Reacts with ammonia to give glycine, and 
with many types of organic compounds. 
It is largely used in chemical syntheses and 
particularly in the manufacture of indigo. 
Dichloroacetic acid, CHCI.COOH, is a 
low-melting solid. D 10 1-568, M.P. 5°-6°, 
B.P. 194°. Prepared by the action of 
copper powder on trichloroacetic acid or 
by the action of sodium cyanide on chloral 
hydrate. Trichloroacetic acid, CCl,COOH, 
is a crystalline solid which rapidly absorbs 
water vapour. M.P. 58°. B.P. 190 5°, very 
soluble in water, alcohol, or benzene. 
Manufactured by the action of chlorine 
on acetic acid at 100 c in presence of red 
phosphorus, .sulphur, or iodine. It is 
decomposed into chloroform and carbon 
dioxide by boiling water. It is a much 
stronger acid than either the mono- or the 
dichloro-acids and has been used to extract 
alkaloids and ascorbic acid from plant and 
animnl tissues. It is a precipitant for 
proteins and may be used to test for the 
presence of albumin in urine. 

Chloroacetone, CH,C1 • CO • CH„ is a colour¬ 
less liquid whose vapour is a powerful 
lachrymator. D‘* 1-162, B.P. 119°. 
Soluble in water, alcohol, or ether. Manu¬ 
factured by treating acetone with bleaching 
powder or chlorine. It is used as a tear 
gas and is usually mixed with the more 
potent bromoacetone. See Martonitc. 

p-Chloroaniline, C.H.NCI. It 
forms colourless rhombic prisms. 

M.P. 70°-71°, B.P. 232 3*. In¬ 
soluble in water, soluble in organic 
solvents. Volatile in steam. Basic 
and forms a sulphate sparingly 
soluble in cold water. It is prepared by 
reducing p-nitrochlorobcnzenc with iron and 
hydrochloric acid. 

It is used for the preparation of p- 
nitroanilinc. 

Chlorobenzene, C,H,CI. Colourless liquid, 
B.P. 132°, sp. gr. 1-100 at 20’. 
Insoluble in water, miscible in all 
proportions with organic solvents. 
Nitrates in the o- and p-positions. 

Prepared by the direct chlorina¬ 
tion of benzene in the presence of 
an iron catalyst. 

Much used as an industrial solvent and 
as a source of mono- and di-nitrochloro- 
benzenes. 

Chlorocarbonic ester. See Chloroformic 

ester. 

Chlorochromates. On treating potassium 
dichromate with concentrated hydrochloric 
acid and cooling, or on adding chromyl 
chloride to a saturated solution of potassium 
chloride, red crystals of potassium chloro- 
chromate, KCrOjCI, are formed. This 




salt probably has the constitution 
Cl • CrO, • OK and is the salt of an un¬ 
known chloro-chromic acid, analogous to 
chlorosulphonic acid. Cl • SO, • OH. The 
solutions decompose on boiling, giving 
chlorine, together with potassium di¬ 
chromate and chromium sesquioxidc. 

Chlorocruorin. A respiratory pigment, 
red in concentrated and green in dilute 
solutions, found in the plasma of certain 
polychietc worms. It is a protein com¬ 
bined with a pigment group, which is com¬ 
posed of a porphyrin, resembling litem, com¬ 
bined with iron, and it gives rise to a series 
of compounds corresponding to methwmo- 
globin, ha-matin, etc. Bike haemoglobin it 
exists in an oxidized and a reduced form. 
See *' Comparative Biochemistry ” by 
Baldwin, and “ Recent Advances in 
Biochemistry " by Pryde. 

2-Chloroethyl alcohol. Sec Ethylene 
chlorohydrin. 

Chloroform, Trichloromethane, CHCI 3 , is 
a colourless liquid with a sweet, pleasnnt 
odour. D“ 1-498, B.P. fl0°-fll°. Very 
slightly soluble in water ; the solution has 
a sweet taste. A constant-boiling mixture 
(B.P. 50°) is formed with 2-5 % water. It 
is miscible with most organic liquids. 
Manufactured by treating boiling 20 % 
alcohol with bleaching powder or by adding 
acetone to a hot suspension of bleaching 
powder in water. It is oxidized by air 
and sunlight to phosgene ; the addition of 
a small amount of alcohol prevents this. 
It is not inflammable but will burn when 
mixed with alcohol. When heated with 
sodium hydroxide it yields sodium formate 
and carbon monoxide. Some compounds 
crystallize from it with chloroform of 
crystallization. It is an excellent solvent 
for oils, fats, waxes, robber, and many other 
organic substances, and is used very largely 
for its solvent properties. It can be 
detected by the nauseating odour produced 
when it is warmed with aniline and potas¬ 
sium hydroxide. Bromoform, iodoform, 
and chloral also give this carbylamine 
reaction. 

Chloroform is a general anesthetic and, 
when inhaled, it rapidly causes unconscious¬ 
ness and insensibility to pain. Chloro¬ 
form is a very common constituent of 
mixtures to be taken by the mouth ; it has 
a pleasantly sweet and warm taste and a 
warm stimulating effect on the stomach ; 
it also acts as a preservative, preventing 
the growth of moulds in mixtures containing 
vegetable infusions. Externally, as an 
ingredient of liniments, chloroform is a 
rubefacient and aids in the absorption 
through the skin of such alkaloidal con- 



Chlorophyll 


Chloroformic 

etituents as those of aconite and bella- 

d °ChTorofonnic ester, Chlorocarbonic ester. 
Ethyl chlorotormate. Ethyl chlorocarbonate, 
OCOOCH.CH,, - « volatije l.qgud 
unpleasant odour. D" 1-185. B.P. 94 -9o . 
PrcD&rcd by the addition of ethyl alcohol 
Spooled phosgene. It is very reactive 
and unites with many organic compounds 
containing -OH groups to give earbethory- 
derivatives. Reacts with ethyl alcohol to 
mve diethyl carbonate and with ammonia 
to form urethane. Used in organic 
syntheses. 

Chlorogenic acid, C,*H„0 # . 

CH : CH CO • O • CH 

^ ciioh'ch, 

^HOH <^OH)COOH 
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They are 


A condensation product of caffcic and quinic 
acids that is widely distributed in plants. 
It loses hydrogen in presence of an oxidase 
to give a green pigment which is itself 
easily reduced. 

Chlorohydrins are organic compounds con- 

V.V 

taining the group , . . 

OH Cl 

formed by treating compounds containing 
a double bond with chlorine water, or by 
treating glycols or olefine oxides with hydro¬ 
chloric acid. They arc converted to glycols 
when heated with weak alkalis such as 
sodium bicarbonate: the chlorine atom 
is replaced by -CN when chlorohydrins 
are treated with sodium cyanide. 

Chlorohydroxyplatinic acids, Chloro- 
hydroxy-platinous acid. Sec Platinum 
chlorides, complex. 

Chlorohydroxypropane. See 
chlorohydrins. 

Chloro-iridates. Sec Iridium 
complex. 

Chloro-iridites. See Iridipm 
complex. 

Chloroisopropyl alcohol. See Propylene 
chlorohydrins. 

Chloromanganites. See Manganese chlo¬ 
rides, complex. 

Chloromethane. See Methyl chloride. 

Chloronaphthalenes. a-Chloronaphtha- 
lene. Colourless refractive liquid, B.P. 263°, 
sp. gr. 1*202 at 15°. Prepared by direct 
chlorination of naphthalene in the presence of 
ferric chloride. Used as an industrial solvent. 

Other chlorinated naphthalenes. The 
other monochloronaphthalene (/?-), the ten 
theoretically possible dichloronaphthalenes. 


Propylene 

chlorides, 

chlorides, 


and the fourteen trichloronaphthalenes 
have all been prepared, generally from 
the corresponding amino-derivatives by 
diazotization and treatment with cuprous 
chloride. They are of no industrial im¬ 
portance, but form a convenient set of 
reference compounds for the determination 
of the orientation of the substituents in an 
unknown naphthalene compound. 

Chloronitroplatinates, Chloro-nitro-plati - 
nites. See Platinum nitrites, complex. . 

Chloro-osmates. See Osmium chlorides, 
complex. 

Chloro-osmites. See Osmium chlorides, 
complex. 

Chloropalladates. See Palladium chlo¬ 
rides, complex. 

Chloropalladites. See Palladium chlo¬ 
rides, complex. 

Chlorophenol red, Dichlorophenolsulphon- 
phthalein. One of the sulphonphlhalcin 
group of indicators. It is used in 0 04 per 
cent, aqueous solution after neutralization, 
with 4-7 c.c. of 0-05 N. sodium hydroxide 
per 01 gram. Its p H range is 4-8 (yellow) 
to 6-4 (red). 

Chlorophyll. Chlorophyll is the green 
colouring matter of plants. Two chloro¬ 
phylls are present in plants, chlorophyll a, 
C„H n O,N,Mg, which is obtained as a blue- 
black powder, soluble in alcohol and ether, 
and chlorophyll b, C„H T0 O,N 4 Mg, a dark- 
green powder, also soluble in alcohol and 
ether. Fischer's latest formula for chloro¬ 
phyll a is 

CH : CII, CH,* 

CII, i CH (1 C,H, 

YYYV 



\ 


/ 


CH 


II 


c »/ VV \/ 

dn, CH—CO 



II 


[ooc„ 


COOCH, 


(Phytol) 

The methyl group marked with an asterisk 
is replaced by an aldehyde group in chloro¬ 
phyll b. The ratio of chlorophyll a to 
chlorophyll b in green leaves is about 3 to 1, 
and the two pigments can be separated by 
extracting a solution of them in petrolcun 
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ether with methyl alcohol in which chloro¬ 
phyll b is preferentially soluble. Treat¬ 
ment of chlorophyll a with acids removes 
the magnesium atom, replacing it by two 
hydrogen atoms, and gives an olive-brown 
solid, phieophytin a, 

A'OOCII, 

c„h„on 4 <( 

MXX)C m H„ 

Hydrolysis of this splits off phytol, and 
gives phirophorbide a, 

XOOCH, 

C„H„ON/ 

XOOH 


Similar compounds arc obtained from 
chlorophyll b. Alkaline degradation of 
chlorophyll yields a series of phyllins — 
magnesium - porphyrin compounds — the 
final member of the series being xtiophyllin, 
and treatment of the phyllins with acids 
gives porphyrins, resembling, but not iden¬ 
tical with, those obtained from the animal 
blood pigments. 

Chlorophyll is present in all green plants, 
und is essential to the life of the plant, as it 
acts as a catalyst in the photosynthesis of car¬ 
bohydrates from carbon dioxide and water. 

For a detailed description of the chemistry 
of chlorophyll and its derivatives, see 
Linstead, ** The Porphyrin Group," An. 
Heps. Chem. Soc., 1035, 32, p. 359. 

Chlorophyllase is an enzyme belonging to 
the esterase or fat-splitting class. It acts 
to split off phytol from chlorophyll in ethyl 
alcoholic solutions, and is widely distributed 
in leaves. The method of preparation is 
described by Noack ( Diochem. Z., 1927, 183, 
135). 

Chloropicrin, CCl,NO a , is a colourless 
liquid; the vapour is lachrymatory and 
highly toxic. D 10 1-654, B.P. 112®. In¬ 
soluble in water, miscible with alcohol or 
acetone. Manufactured by treating sodium 
picratc with chlorine, or calcium picrate 
with bleaching powder. Is not decomposed 
by cold acids or alkalis ; decomposed by 
reducing agents such as sulphides. Used 
as a poison gas. 

ChJoroplatinic acid, Chloroplatinous acid. 
See Platinum chlorides, complex. 

Chloroprene, /J-chlorobutadiene, C 4 II,C1, 
CH a : CC1 • CH : CH t , is a colourless liquid. 
DJ® 0*9583, B.P. 59*4®. Sparingly soluble 
in water; miscible with most organic 
liquids. Manufactured by treating vinyl- 
acetylene with hydrochloric acid at 30° in 
presence of cuprous ammonium chloride. 
Changes to a rubbcr-likc solid in ten days 
at 25°; this polymerization is 700 times as 
rapid as that of isoprene. Used to prepare 
synthetic rubbers which arc resistant to 
oil and arc not affected by ozone. 


2-Chloropropane. Sec Isopropyl chloride. 

2- Chloropropyl alcohol. Sec Propylene 
chlorohydrins. 

3- Chloropropylene glycol. Sec Glycerol 
inonoehlorohydrins. 

Chlororhodites. Sec Rhodium chlorides, 
complex. 

Chlororuthenates. See Ruthenium chlo¬ 
rides, complex. 

Chlororuthenites. See Ruthenium chlo¬ 
rides, complex. 

Chlorostannates. Salts of chlorostannic 
acid, H a SnCl 4 , OH a O. The free, acid is 
obtained os colourless crystals by cooling 
a concentrated solution of stannic chloride 
saturated with hydrogen chloride. The 
salts arc obtained by crystallizing con¬ 
centrated aqueous solutions containing the 
calculated amounts of stannic chloride and 
the appropriate metallic chloride. Am¬ 
monium stannichloridc. (Nil,), SnCI 4 , 
known commercially as "pink salt”, was 
formerly used as a mordant in dyeing. 

Chlorosulphonic acid, SO,Cl(OH). A 
colourless liquid, boiling at 155-3®, obtained 
by the direct combination of SO, and IIC1; 
also by distilling concentrated sulphuric acid 
with phosphorus pentachloride or phosphorus 
oxychloride. It reacts violently with water 
to form sulphuric and hydrochloric acids. 

Chlorotoluenes, C,H,CI. 
o-Chlorotolucne. Colour¬ 
less oil, B.P. 159°, sp. gr. 

1*0881 at 15". Freezes at 
-34®. 

p-Chlorotoluene. Liquid, 

B.P. 162®, sp. gr. 1 075 at 
15°. Freezes at 7-4®. 

The two monochlorotolucnes are prepared 
together by the direct chlorination of toluene 
in the presence of a catalyst. The mixture 
can be separated by sulphonation with 
93 % sulphuric acid, which only affects the 
o-chloro-compound, followed by separation 
and regeneration of the o-chlorotolucne by 
hydrolysis. o-Chlorotoluenc is the more 
important of the two and is also easily 
prepared from o-nitrotolucne, by diazotiza- 
tion and treatment with cuprous chloride, or 
by chlorinating toluenc-p-sulphonyl chloride 
followed by removal by hydrolysis of the 
sulphonic group. 

o-Chlorotolucne is used as a source of 
o-chlorobenzaldehyde. 

2-Chlorotrimethylene glycol. See Glycerol 
monochlorohydrins. 

Chlorous acid. This acid, HC10 a , is un¬ 
known in tbe pure state. It is formed in 
solution, together with chloric acid, by dis¬ 
solving chlorine dioxide in water. Chlorine 
dioxide reacts with sodium dioxide, Na a O s , 
forming sodium chlorite, NaC!O t , and free 




Chloroxone 

oxvcen. Numerous metallic chlorites have 
been prepared by double decomposition, 
the lead and silver salts being insoluble 
in water. Chlorites are fairly stable in 
alkaline solution. In the solid state they 
decompose on heating, or may detonate, on 
heating or shock. Mercuric chlonte is one 
of the least stable. Either in the solid 
state or in solution the chlorites behave as 
powerful oxidizing agents. 

Chloroxone. A trade name for 2:4-di- 
chlorophenoxyacctic acid (2 : 4 D.). Like 
Methoxone, it is a 
O • CH, • COOH selective weed - killer, 
Cj/\ which, applied as a 

dust or in solution, is 
active at a rate of a 
few pounds per acre. 
It kills charlocks and 
many other weeds, but has no action on 
cereals. It must not be used on brassicas. 

Chlorylene. Sec Trichloroethylene. 

Cholalic acid. See Cholic acid. 

Cholane ring system. The system 
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numbered as shown. 

Cholanic acid, C, 4 H 11®!' 

CH. 

CH • CH, • CH, • COOH 
CH, CH, <!h 

c<\K\h, 

CH, CH, <!h <[h-Jh, 

1'H, (!h Jh, 

V V 

Crystallizes from acetic acid. M.P. 164°, 
[ajp + 21-74° in chloroform. It is a re¬ 
duction product of cholic acid. 

Cholesterol, C t7 H 44 0. 

CH, 

CH, CH, <!h • CH, • CH, • CH, 

cil t XT ^H, 

CH, CH, 

H0 

V 


Crystallizes from alcohol in white leaflets 
with one molecule of water. M.P. (anhyd¬ 
rous) 148-5°, B.P. 300°, with decomposition. 
Insoluble in water, soluble in hot alcohol 
and most organic solvents. [a] D — 31-12 
in ether. Cholesterol is found both free 
and esterified in all organs of the animal 
body and particularly in gall stones, blood, 
brain and nervous tissue, and wool fat. It 
is used medicinally in the form of lanolin. 
It can be detected by dissolving in chloro¬ 
form and adding strong sulphuric acid; 
the chloroform layer goes red and the acid 
layer yellow (Salkowski’s reaction). A blue 
colour is given if acetic anhydride and sul¬ 
phuric acid are added to cholesterol in 
chloroform (Liebermann-Burchard reaction). 
See Sterols. 

Cholic acid, Cholalic acid, C, 4 II 44 0 4 . 


H 


OH 


CH, 

_ (Ihch.-ch.cooh 

Vch.Ih 

^ y \„- 

CH, CH, CH !h-CH, 

Crystallizes with one molecule of water 
from water and one molecule of alcohol 
from alcohol. M.P. (anhydrous) 195°. 
Soluble in acetone, less soluble in ulcohol 
and ether, sparingly soluble in water, 
[ajp + 37°. In combination with glycine 
and with taurine it forms the bile sails, 
glycocholic and taurocholic acids. 

Choline, Trimethyl - 2 - hydroxyethylam- 
monium hydroxide. 

CHj \ XH,. CII.OII 
CH,—N< 

ch/ Xoh 

A colourless syrup crystallizing with diffi¬ 
culty to a hygroscopic mass. Strongly 
alkaline. It is present as a constituent of 
lecithin in all animal and vcgc- 

< table tissues, and less commonly 
• as the free base. 

It is important in the body as, 

» I except for methionine, it is the 
only substance known to take 
part in methylating reactions. 

It is sometimes regarded as a 
member of the vitamin B group. 

Choline esterase is an enzyme 
able to hydrolyse acetylcholine 
to acetic acid and choline ; it is 


9 



Cbondros amine 


Chromium 


130 


widely distributed in the tissues. Acetyl¬ 
choline is the substance in the body by 
means of which the para-svmpathetic nerves 
produce their effect, so that an enzyme able 
to destroy it or synthesize it from the 
components is of considerable interest. The 
enzyme itself is specifically and reversibly 
poisoned by a number of urethanes allied 
to escrinc, and by the fluorophosphonatcs 
(q-v.). It acts on other esters of choline. 
See Hasson and Stedman. Proc. Hoy. Soc., 
193G, B, 121, 142. 

Chondrosamine, C,H ls O,N. is 2-amino- 
galactose, isomeric with glucosamine. It is 
the basis of chondroitin which, combined 
with sulphuric aeid, forms the substance of 
cartilage, tendons, etc.; this compound 
apparently consists of two glucuronic acid 
and two chondrosamine units. See I.evenc’s 
monograph, "The Ilcxosnmincs and Muco* 
proteins." 

Chromates. Chromic acid in its salts 
shows analogies to sulphuric acid. It 
forms normal chromates and dichromates, 
analogous to sulphates and disulphates. 
Acid chromates of the form KHCrO, arc not 
known, but tri- and tctra-chromates arc 
formed as red crystals. 

Normal potassium chromate, K,Cri) 4 , is 
yellow and isomorphous with potassium 
sulphate. Both this salt and the dichro- 
mate, K,Cr,0„ arc non-dcliqucsccnt and 
crystallize without water. The correspond¬ 
ing sodium salts are Na,Cr0 4 , 1011,0 and 
Nn,Cr,0„ 211,0, and are deliquescent. 
Ammonium diehromatc decomposes vio¬ 
lently on heating, evolving nitrogen and 
steam and leaving a green mass of Cr,0,. 
The chromates of the heavy metals arc, in 
general, insoluble. 

The tri- and tetra-chromates arc regarded 
ns compounds in which the oxygen of the 
chromate radical is replaced by Cr0 4 , 
K,[Cr0,(Cr0 4 )), K,[Cr0,(Cr0 4 ),). etc. 

Chromatographic analysis. This is an 
interesting development of the old capillary 
analysis of Goppclsrodcr which has become 
a useful tool in the hands of the preparative 
organic chemist. The difference in the 
adsorbabilitics of the constituents of a 
mixture, even when these have a similar 
constitution, enables quantitative separation 
to be carried out. A solution of the mixture 
is allowed to percolate through a column of 
adsorbent. This is followed by treatment 
with the pure solvent which washes down 
the individual solute components at dif¬ 
ferent rates so that each eventually occupies 
a well-defined zone which can be isolated 
mechanically from the rest. 

This method has been extraordinarily 
successful for the separation of carotenoid 


mixtures. Usually activated alumina is 
used as the adsorbent, but a large number 
of materials are available for specific eases, 
and even [>owdered sugar has been employed 
in the separation of x- and 0-chlorophyll. 

A further development is the paper 
chromatography of Consden, Gordon and 
Martin ( Biochem . J., 1944, 38, 224), in 
w hich strips of filter paper arc used ns the 
adsorbent. A solution of a mixture is 
applied to n comer of the paper and 
washed down with a solvent. The paper 
may subsequently be turned perpendicularly 
and the chromatogram developed in two 
dimensions using another solvent. This 
method has been used for the separation 
and identification of amino-acids in mix¬ 
tures, the positions of the nmino-ueids on 
the paper being shown with ninhydrin, and 
has many other possible uses. 

Chrome red. See Lead chromates. 

Chrome yellow. See Lead chromates. 

Chromic acid. Sec Chromium trioxide. 

Chromite, 1'eO, Cr t O„ occurs ns brownish- 
black octahedral crystals and in massive 
form with a granular and compact structure. 
It is magnetic, sp. gr. 4*3, hardness 5-0, 
M.P. 2180°. The crystals arc cubic and 
belong to the spinel group. Chromite 
shrinks greatly at 500°, and if heated under 
pressure it distorts much below its melting- 
point. It is used os a source of chromium 
for chromium plating and chromium salts 
and for the manufacture of refractory bricks. 

Chromium, Cr. At. no. 24, At. wt. 52*01. 
M.P. 1805°, B.P. 2200°, I)** 7 14. Crys¬ 
tallizes in two forms : a-Cr hns the body- 
centred cubic structure, a ■« 2*878 A., and 
0-Cr has the close-packed hexagonal struc¬ 
ture, a -= 2 71, c - 4 41 A. 

Discovered in 1797 by Vnuquelin nnd by 
Klaproth in the mineral crocoisite, a lead 
chromate, PbCri) 4 . 

Chromium does not occur native. The 
most important mineral is chromite, or 
chrome-ironstone, FeCr,0 4 , a spinel. Rarer 
minerals are chromc-ochrc, Cr t O„ and 
chromctitc, Fc,0„ Cr,0,. Chromium occurs 
in small amounts in meteorites. 

The technical production of the metal is 
carried out in two stages, viz. the chromite 
ore is fused with alkaline carbonate, the 
chromate extracted with water, converted 
to diehromatc by means of acid, and finally 
reduced to the green oxide, Cr,0,; the 
sesquioxide is then reduced with aluminium 
in a thermite reaction. The chromium pre¬ 
pared by this process is 99-5 per cent. pure. 
Pure chromium, or chromium plate, is 
obtained by the electrolysis of solutions 
of the trioxide, CrO,. A finely divided 
chromium, which is pyrophoric, is obtained 
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by heating chromium amalgam 1 n vacuo. 
The trioxide has also been reduced to the 
metal by carbon in the electric arc, and by 

"SIT. hard, crystalline, but 
malleable metal, silver-white, w.th a blu,sh 
tinge in eolour. It is very resistant to 
oxidation, and is used as a protective coating 
for many metals. It dissolves slowly in 
dilute sulphuric and hydrochloric acids, 
forming in the absence of air blue solutions 
of chromous salts. It is readily soluble in 
concentrated acids, although in concentrated 
nitric acid it becomes passive. Passivity is 
also induced by exposure to air or dipping 
in chromic acid. It finds wide application 
in plating, and in a wide variety of alloys 
the chief being with iron and steel, to which 
it imparts hardness and stainlessness. 

Chromium compounds. Chromium forms 
two series of salts corresponding to the blue 
chromous ion, Cr++, and the green chromic 
ion, Cr +++ . It also forms an acidic oxide, 
chromium trioxide, CrO„ giving rise to the 
salts known as chromates and dichromates. 

Chromium chlorides. Chromic chloride, 
CrCI,. The anhydrous chromic chloride 
is obtained by passing chlorine over 
chromium or a mixture of chromic oxide 
and carbon heated to redness. The peach- 
blossom coloured, scaly crystals volatile 
at 1005°. They arc insoluble in water, 
unless a trace of chromous chloride is 
present, and in hot concentrated sulphuric 
acid. 

Three crystalline hydrates, CrCI,, 611,0, 
arc known, two green and one greyish-blue. 
Crystallization of a concentrated solution 
gives a green form, precipitation below 0° 
by hydrogen chloride gas a greyish-blue 
form, and precipitation at 10° by hydrogen 
chloride gas in the presence of ether gives the 
second green form. These are given the for- 
mul* [Cr(H,0) 4 Cl a lCl, 2H t O, [Cr<H,0) t ]Cl,. 
and [Cr(H t O),CIJCI„ H,O t respectively, and 
arc a good example of ionization isomerism. 

Chromous chloride. The anhydrous salt 
is obtained by heating chromic chloride in 
hydrogen, or metallic chromium in hydrogen 
chloride. It forms silky white needles. 
The vapour density at 1300° corresponds to 
Cr,Cl 4 , and at 1600° has fallen to a value 
indicating an equilibrium Cr t CI 4 ;=£ 2CrCl,. 
The hydrated salt is obtained by reducing 
potassium dichromate with zinc and hydro¬ 
chloric acid, precipitating the chromous 
chromium as the acetate, dissolving this in 
concentrated hydrochloric acid at 0° in an 
atmosphere of hydrogen, and finally pre¬ 
cipitating the blue crystalline tetrahydrate 
by hydrogen chloride gas. It is a powerful 
reducing agent. 


Chromium (-ic) hydroxide is obtained by 
precipitating a chromic salt solution with 
caustic soda, potash, or ammonia ; it is a 
pale green flocculcnt precipitate, lhe 
purity of the product depends on the 
conditions of precipitation ; in hot solutions 
with ammonia the reaction is quantitative. 
In the cold, in the presence of large excess 
of ammonia, chromammines are formed, e.g. 
[CrCl(NH,) 4 (H,0)]CI,, which impart to the 
solution a pink colour. The hydroxide 
dissolves in caustic soda to give a grass-green 
solution of sodium chromite, Na.Cr,O t , 
which may be oxidised to the chromate by 
sodium peroxide. 

Chromium oxides. Chromic oxide, Cr,O s , 
is obtained as a green powder by the ignition 
of the hydroxide, ammonium dichromate, 
mercurous chromate, or sodium dichromatc 
with sulphur. It is obtained in dark green 
hard hexagonal crystals by fusing the 
amorphous oxide with calcium carbonate 
and boron trioxidc, or by passing chromyl 
chloride. CrO,Cl„ through a red-hot tube. 
The amorphous form is soluble in acids, 
whereas the crystalline form may only be 
brought into solution by fusion with sodium 
peroxide or potassium bisulphatc. Chro¬ 
mic oxide is very refractory (M.P. lODO"), 
and is used to give a green colour to glass 
and porcelain. It is also used as a per¬ 
manent green oil paint (chromc-grccn). 

Chromium trioxide, Chromic anhydride, 
CrO,. Obtained as a red crystalline pre¬ 
cipitate by the action of concentrated 
sulphuric acid on a solution of a chromate 
or dichromatc. It is a deliquescent material, 
D 2-7, M.P. 198°, forming a dark red 
liquid, solidifying on cooling to a reddish- 
black mass with a metallic lustre. At 420° 
it loses oxygen, giving chromic oxide, Cr a O,. 
Chromium trioxidc is a powerful oxidizing 
agent, and is used for this purpose in many 
reactions. The aqueous solution contains 
the dichromic acid, H 2 Cr,0 7 . 

Chromium (-ic) sulphate. Obtained in 
violet crystals by allowing a mixture of 
equal parts of concentrated sulphuric acid 
and chromic hydroxide to stand for several 
weeks. On precipitating the aqueous solu¬ 
tion with alcohol, violet octahcdra of 
Cr,(S0 4 )„ 18H 2 0 are deposited. Chromic 
sulphate combines with sulphates of the 
alkali metals, forming alums. Ordinary 
chrome alum has the formula K,S0 4 , 
Cr,(S0 4 )„ 24H z O, and is obtained by 
reducing a solution of potassium dichromate 
in sulphuric acid. 

Chromoproteins. A class of conjugated 
proteins related to hamoglobin and consisting 
of a protein combined with a pigment 
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molecule such as hcem and acting as respira¬ 
tory carriers or catalysts. 

Chromyl chloride, CrO,CI,. B.P. 116-7°, 
M.P. —06-5°, D 1-0. Obtained by dis¬ 
tilling a mixture of sodium chloride and 
potassium dichromatc with concentrated 
sulphuric acid. The dark red vapour 
evolved condenses to a nearly black liquid 
like bromine. It may also be obtained by 
adding concentrated sulphuric acid to a 
solution of chromium trioxide in concen¬ 
trated hydrochloric acid. It is decomposed 
violently by water with the production of 
chromic and hydrochloric acids. Chromyl 
chloride is a powerful oxidizing agent, ex¬ 
ploding in contact with phosphorus, and 
inflaming sulphur and many organic sub¬ 
stances. The vapour density is normal, 
corresponding to the formula CrO,Cl„ the 
acid chloride of chromic acid. 

Chrysamine G. 


sparingly soluble in alcohol. It occurs in 
the highest boiling fraction of coal tar. A 
characteristic picratc is formed. 

Chrysoidine, 2:4 diaminoazobenzene, 
C,«H It N 4 . 

NH, 


<z> 


>N : N 



Nil, 



H 


A yellow direct cotton dyestufT, obtained 
by tetrazotizing 1 molecular proportion 
of benzidine in hydrochloric acid solution 
and acting with this on 2 molecular propor¬ 
tions of salicylic acid in alkaline solution. 

It was the first direct yellow cotton 
dyestuff to be obtained and dyes unmor- 
danted cotton from a soap bath. 

Chrysarobin is the benzene-soluble por¬ 
tion of araroba. It is a light, yellow powder 
which melts at 155*-105°. Almost in¬ 
soluble in water. It is a mixture con¬ 
taining chrysophanic acid and related 
compounds. Chrysophanic acid has the 
formula 

CO 



H 


H 


Chrysarobin is used medicinally as an 
ointment for certain skin diseases, such as 
ringworm and psoriasis. 

Chrysene, 



Crystallizes in colourless plates, M.P. 254°, 
B.P. 448°. Soluble in hot benzene and 


Pale yellow crystals, M.P. 117-5°. Soluble 
in alcohol and ether, sparingly soluble in 
water. The commercial product is the 
hydrochloride, which forms blackish-green 
prisms. It is prepared by the interaction 
of diazo-benzene chloride and m-phenylcnc- 
diamine. It is employed as a dyestuff for 
cotton treated with tannin. Chrysoidine 
absorbs in a high degree the actinic rays 
of light, which causes it to be considerably 
used by photographers for desensitizing 

photographic plates 
and covering win¬ 
dows of dark rooms. 

Chrysoprase. See 
Quartz. 

Chrysotile, 
H«MgjSi t O„ 
occurs as bundles of parallel fibres, forming a 
well-known mineral, asbestos. The crystals 
are monoclinic with four molecules in the 
unit cell: a-14 00 A., 6-* 18-5 A., C-5-73A., 
and £«93° 16'. The fibres consist of crystals 
with the c-axis parallel to the direction of 
the fibres, but the crystals have all orienta¬ 
tions around the fibre axis. 

Ciba dyes. See Acenaphthenequinone. 

Ciment londu, a hydraulic cement made 
by heating a suitable mixture of limestone 
and alumina (bauxite) until it sinters or 
even melts, cooling, and then reducing to 
powder. It sets slowly but hardens rapidly 
so that it is largely used where time is an 
important factor. It shows on analysis, lime 
40, alumina 40, silica lO.and impurities 10%. 
Sp.gr. 3-0. It is highly resistant to sea-water 
and to waters containing sulphates in solu¬ 
tion. It has several advantages over Port¬ 
land cement, but is more expensive. Recently 
it has been used as a refractory cement for 
repairing furnaces, retorts, etc. ; for this 
purpose it is mixed with grog and water 
so as to form a soft paste. 

Cinchona is the dried bark of various 
species of Cinchona. It owes its medicinal 
properties to its alkaloidal contents, chief 
among which are quinine, cinchonidine, 
quinidine, and cinchonine. Cinchona is a 
bitter astringent tonic, and the tincture or 
liquid extract is prescribed in mixtures 
during convalescence after serious illness, 
or as a prophylactic against colds and 
fevers. It is considered that the mixture 
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Of alkaloids, together with the astnngent 
constituents of the bark, has greater 
medicinal value than any one of the in- 
dividual alkaloids. 

Cinchonidine. C,.H„ON„ is the stereo- 
isomer of cine honin', and us also obtained 
from cinchona. Its physiological action 
resembles that of quinine, but like cincho¬ 
nine it increases the reflexes and causes 
convulsions in large doses. 

Cinchonine, C„H„ON,. 



CH(OH). CH- 


-CH, 


N . CH,. CH,. 

^H,- 


CH 


CH. CH : CH, 





Colourless needles, M.P. 255°. Practically 
insoluble in water, more soluble in alcohol, 
[a] + 220° in alcohol. Cinchonine is one 
of the cinchona alkaloids and is used to a 
small extent instead of quinine for patients 
who exhibit an idiosyncrasy to the latter. 
It increases reflexes, and in large doses it 
may cause convulsions. 

Cinchophen, Quinophan, 2-phenylquino- 
line-4-carboxylic acid, C u H n O,N. White 
crystals, insoluble in water, COOH 

soluble in 120 parts of alco¬ 
hol. M.P. 214°-217°. Pre¬ 
pared from bcnzylidinc-ani- 
line and pyruvic acid. It is 
used medicinally for rheu¬ 
matism and gout, as it increases the rate of 
excretion of uric acid, but it may have a 
toxic action on the liver. 

1 : 8-Cineole, Eucalyptol, Cajuputol, 
C 10 H„O. A very widely 
distributed constituent of 
essential oils andof commer¬ 
cial importance,as it isoften 
considered as the active 
constituent of medicinal 
eucalyptus oil. Amongst 
other oils it is present in 
wormsecd oil, cajuput oil. 
and in various eucalyptus 
oils, including that from 
Eucalyptus globulus. It is 
a colourless, viscous oil of 
characteristic camphor-like 
smell. By refrigeration it can be crystallized 
and then melts at — 1°. Its other constants 
are: B.P. 174 4°, d> s 0 930, n»« 1*4584. It 
possesses great chemical stability. 

It forms a number of addition 


CH, 
c- 


II.C^H, 

H,i d:H t 

N £h 

i 


o 


H,C 


(\h, 


impounds ; thus, with resorcinol, 

2(C 10 H 1# O), C e H.O„ 

l.P. 80®-85°, and with o-cresol, C 10 H u O, 
,H 8 0, M.P. 55-5°. It also forms a crystal- 
□e compound with phosphoric acid of the 


formula C..H..O. H,PO.. In medicine it is 
used for the same purposes as eucalyptus 
oil, from which it is obtained by fractionation 
or freezing. 

Cinnabar, HgS. Occurs in Spain and 
Carniola in hexagonal crystals. Hardness 
2*. sp. gr. 8-2. Bright red colour, with 
strong birefringence, high refractive power, 
and rotatory polarization. See Mercury 
sulphide. 

Cinnamic acid, C.H.O,. Colourless crystals, 
M.P. 133°, B.P. 290°. CH : CH • COOH 
Soluble in alcohol and 
hot water, insoluble in 
cold water. Decarboxy- 
lates on prolonged heat¬ 
ing. Oxidized by nitric acid to benzoic acid. 
Ordinary cinnamic acid is the trans isomer. 

Prepared by heating bcnzaldehydc with 
sodium acetate and acetic anhydride or 
with ethyl acetate and sodium ethoxide. 
Occurs in storax, or liquid amber, as the 
ester cinnamyl cinnamatc. 

Citraconic acid, Methylmaleic acid C 6 i I # 0 4 , 


CH, •C•COOH 


hI 


COOH 


is a colourless solid crystallizing in fine 
needles, M.P. 91° (decomp.). Soluble in 
water and alcohol. Prepared by the addi¬ 
tion of water to citraconic anhydride. It 
loses water when heated and forms the 
anhydride. Reduced by hydrogen to pyro- 
tartaric acid. Electrolysis of the acid yields 
allylcnc, 


CH, • C a CH. 


When a saturated solution in ether and 
chloroform is treated with a little bromine 
and placed in sunlight, crystals of mcsaconic 
acid are slowly deposited. 

Citraconic anhydride, Methylmaleic an¬ 
hydride, CjHjO,, shown 


CH, • C 


H 


CO 

> 


CO 


herewith, is a colourless 
solid, M.P. 7°, B.P. 213°. 

Soluble in ether. Prepared 
by the rapid distillation of 
anhydrous citric acid. Combines with water 
to give citraconic acid. 

Citral, C, 0 H ie O. A tcrpcnc aldehyde. 
A volatile oil of pleasant odour forming the 
main constituent of lemop-grass oil from 
Cymbopogon flexuosus, and also found in 
other essential oils. Lemon-grass oil is an 
important article of commerce. The citral 
found in natural products is a mixture of 
cis-trans-isomerides, known as citral-a and 
citral-b. CitraI-& (Geranial), which is the 
main constituent of the aldehydic fraction 
of lemon-grass oil, has the constitutional 
formula 
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Citronellal 


or 


>C ;CII • CH. • CH, -C • CH. 
II,C/ * * || 

IIC-CHO 

HA 

>C • CH, • CH, • CH. • C . CH. 
H,<X 

IIC-CHO 

It is separated from citral-b as a sodium 
bisulphite compound. It has B.P. 118®- 
110°/20 mm., d*° 0 8808, 1-4801. Its 

scmicurbazonc melts at 1«4°. Cilral-b 
(Neral) is separated from citral -a by means 
of its lesser reactivity with cyanoacetic acid. 
It has the constitutional formula 
H s t\ 

>C:CHCH,-CH,-C-CH. 
H,C/ | 

OHC-C-H 


or 


H,C. 

XCH.CH.CH.CCH. 
H,C/ U 

OHCC-H 


being probably a mixture of the two, and 
hns the following constants: B.P. 117®- 
118°/20 mm., d 10 0 8888, ng 1-4801. Its 
scmicurbazonc melts nt 171°. When heated 
with dilute sulphuric acid citral forms 
p-cymcnc. Citral can be condensed with 
ocetonc with elimination of water, to form 
a ketone, pscudoiononc, C„H l0 O, according 
to the equation 

C,H,j • CHO + CII, • CO • CH, - 

C,H U • CH : CH • CO • CH, + H.O, 

which is technically important, as it is 
readily convertible into a- and 0-ionone. 
Pscudoiononc itself has no characteristic 
smell. 

Citric acid, C 4 H,0 7 , shown herewith, 
crystallizes from water be¬ 
low .‘JO B 0 in large colour¬ 
less prisms containing one 
molecule of water of crys¬ 
tallization ; above this 
temperature the acid 
crystallizes in anhydrous form, M.P. 153®. 
Very soluble in water and alcohol ; less 
soluble in ether. It occurs in the juice 
of citrus fruits and in beets, cranberries, 
and certain other acid fruits. Lemon 
juice contains 5 % to 6 % citric acid, 
and was at one time the chief source of the 
acid. The juice is neutralized with lime or 
calcium carbonate, and the insoluble calcium 
citrate treated with sulphuric acid. It is now 
largely manufactured by the fermentation 
of sugar by moulds of the Aspergillus niger 
group. The acid is tribasic, and forms three 
scries of salts; the citrates of the alkali 


CH.COOH 
HOC COOH 
(tlljCOOH 


metals are soluble, but the neutral citrates 
of calcium and barium arc insoluble. When 
heated to 175° it loses water to give aconitic 
acid : at higher temperatures aconitic and 
citraconic anhydrides arc formed. Oxida¬ 
tion with potassium permanganate or 
heating with fuming sulphuric acid gives 
acetone diearboxylic acid. When heated with 
nn acid solution of mercuric sulphate and a 
little potassium permanganate it gives n 
white precipitate (Denig6*s test). It is used 
extensively in the soft drink industry. 

Citric acid, as such, is not much used in 
medicine ; in the form of its alkali salts, 
lithium, potassium, and sodium citrates, 
however, it is administered very largely in 
gout and rheumatic conditions. The acid 
itself is employed ns a cooling drink in 
fevers in the form of lemon juice, lime juice, 
or simply as a solution of the acid in water 
sweetened with sugar and flavoured with 
oil of lemon. 

Citromycetin, C 14 H 10 O T . 


COOH 



Yellow needles, darkening at 203° and de¬ 
composing at 283®-285°, soluble in alcohol, 
insoluble in cold water. A yellow colouring 
matter obtained from moulds of the genus 
citromyccs. 

Citronellal (Rhodinal), C 10 H„O. Consti¬ 
tutional formula: 


H,C 


* \C :CH- CH, • CH. • CH CH, • CHO 

H - c ^ u 


or 


H,C. 

>C • CH, • CH, • CH, • CH • CH, CHO 

H * c/ u 


An optically active tcrpcnic aldehyde. Its 
d-form is found in Ceylonese citronella oil 
and in various eucalyptus oils, and the /-form 
in Javanese citronella oil and in the oil from 
Pinus Jeffcreyi. It is easily reduced to 
citronellol, and is probably a mixture of 
compounds of the two constitutional 
formulx given above. The physical con¬ 
stants vary according to the method of 
preparation, but typical figures are B.P. 
82®/2 mm., d£ 0-8682, [a]g + 9-19°. It 
forms a semicarbazone of M.P. 82-5°. 


Clark 


Citronellol 

CitroneUol (Rhodinol), <^*>0. These 
are alcohols of terpcn.c character which are 
probably both mixtures in varying proper- 
tions of'the two compounds 
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H,C \C:CHCK,CH, 

and 


CH • CH, • CH,OH 
CH, 


Claisen reaction. Condensation of an 
aldehyde with another aldehyde or a ketone 
in presence of sodium hydroxide, water 
being eliminated. Thus bcnzaldchydc and 
acetaldehyde give cinnamic aldehyde, 
C,HjCH : CH CHO, 

and bcnzaldchyde and acetone give either 
monobenzylidene-acetone, 

r II HI • CHCOCH.. 


H * C \ C . CH, • CH, • CH, - CH • CH, • CH,OH 
H> c/ CH, 

Citronellol occurs in rose oil, geranium oil, 
and in citronella oils from Ceylon and -Java. 
Citronellol has also been prepared by the 
reduction of citronellal with sodium amal- 
cam and acetic acid. d-Citronellol from 
lava citronella oil has the following con¬ 
stants: B.P. l03°/5 mm., 0-8004-0 8629, 
„« 1-4505*1’45791, [a) D + 2-7° to + 2 32 . 
whilst /-citronellol from geranium oil has 
BP 114°-115°/12 mm., d 1 ' 0-856-0-862, 
„»• 1-45009-1 4561, [a] D - 4-2°. Rhodinol 
is obtained from the same sources as citro- 
ncllol, and the questions of the constitution 
of either and their relations to one another 
still remain somewhat controversial. 

Citrulline, <x-Amino-S-ureidovaleric acid, 

C,H„0,N,. 



Crystallizes in prisms, M.P. 222°. Soluble 
in water, insoluble in alcohol. Citrulline is 
an intermediate stage in the cycle of events 
in urea production ; citrulline is formed from 
ornithine, ammonia, and carbon dioxide ; 
it then combines with more ammonia to 
form arginine, and the arginine breaks 
down to ornithine ond urea. 

Claisen condensation. Condensation of 
an ester with another ester, a ketone, or 
a nitrile under the influence of sodium 
ethoxide, sodium, or sodamidc, with the 
elimination of alcohol. The result is the 
formation of a 0-ketonic ester, ketone, or 
nitrile respectively, e.g. 

CH,COOC,H, + HCH,COOC,H, — 

CH,COCH,COOC,H s + C,H,OH. 
ethyl acetoacetnte 

Various mechanisms for the reaction have 
hcen suggested, none entirely satisfactory, 
and are summarized by Tschclinzcw ( Ber ., 
1934, 955). The reaction is of general 
application and of great importance, and a 
large number of syntheses have been 
effected by its use. 


or dibcnzylidcnc-acetone, 

C,H,CH : CHCOCH : CHC,H„ 
according to the quantities taken. It is 
probable that in all cases a hydroxy com¬ 
pound is first formed, which then loses 
water. 

Clarain. A macroscopic constituent of 
coal which occurs in bands of varying 
thickness and stratified parallel to the 
bedding plane. It breaks rectangularly to 
the bedding plane and is less friable than 
vitrain. Under the microscope it shows a 
striated appearance which is due to frag¬ 
ments of plant tissue existing in different 
stages of disintegration, and the trans- 
lucency will depend on the extent of this 
disintegration. Cuticles, spores, and resin 
bodies may also be seen. 

Clarification. The rcmovul from a liquid 
of suspended matter by sedimentation, 
filtration, or other suitable process, with the 
object of obtaining a clear product. 

Clark, Thomas (1801-1867). Horn at 
Ayr, Clark was educated at Ayr Academy. 
For a time he served in the counting house 
of Charles Macintosh & Co., where his 
leaning towards chemistry and mineralogy 
developed. In 1826 he was appointed 
lecturer in chemistry at Glusgow Mechanics’ 
Institute, but gave up this post in order to 
study medicine at Glasgow University, 
where he graduated in 1831. From 1833 
till 1860 Clark was professor of chemistry, 
Marischal College, Aberdeen. Expert in the 
subject of water purification, he introduced 
the use of calcium hydroxide for softening 
water. See “The Teaching of Chemistry 
in the Universities of Aberdeen ” (Findlay), 

p. 18. 

Clark, William Mansfield (1884- ). 

Clark was born at Tivoli, New York, and 
educated at Williams College and at the 
Johns Hopkins University. From 1910 
to 1920 Clark was a chemist in the U.S. 
Department of Agriculture, which lie then 
left to become professor of chemistry of 
the Hygienic Laboratory of the U.S. 
Public Health Service. Since 1927 he 
has been professor of physiological chem¬ 
istry at the Johns Hopkins University. 
He has made fundamental researches on 



Clarke 


Clemmensen 


136 


hydrogen-ion concentration and on oxida¬ 
tion-reduction equilibria. Awarded the 
Nichols Medal. 1930. 

Clarke, Frank Wigglesworth (1847-1931). 
Born at Boston, Massachusetts, Clarke was 
educated at Harvard University. After 
being professor of chemistry and physics at 
Howard University (1873-1874), and at the 
University of Cincinnati (1874-1883), he was 
appointed chief chemist of the United States 
Geological Survey in 1883. His chief work 
was on physico-chemical constants, in par¬ 
ticular on the re-caleulation of the atomic 
weights, and on geochemical data. He was 
President of the American Chemical Society 
in 1901. 

Clarke, Hans Thacher( 1887- ). Clarke 
was bom at Harrow, and educated at 
University College, Ixtndon, whose teaching 
staff he afterwards joined. In 1914 he 
went to America as research organic chemist 
to the Eastman Kodak Co., which he left 
in 1928 to become professor of biological 
chemistry at the College of Physicians and 
Surgeons, Columbia University. 

Classifier. An apparatus which effects a 
separation on the basis of particle size by 
utilizing free settlement. Examples of this 
type of plant are Spitzkastcn and the Dorr 
Classifier. 

Clausius, Rudolf Julius Emmanuel (1822- 
1888). Born at KOslin in Pomerania, 
Clausius studied at the Gymnasium, Stettin, 
and Berlin University. He was appointed 
professor of physics, Berlin Engineering 
School (1850), Zurich Polytechnic and 
University (1855), and Wurzburg (1867). 
Mathematical rather than experimental, 
his interests lay towards molecular physics. 
With Clerk Maxwell he put the kinetic 
theory of gases on a mathematical basis. 

Clausius-Clapeyron equation. The ther¬ 
modynamic expression for the relationship 
between the latent heat of vaporization (or 
fusion) and pressure is given by the Clausius- 
Clapeyron equation 

RT* dp 

L " T * 5t’ 

or in another form 

dlnp _ L 
dT = RT*' 

wherein L is the latent heat per gram- 
molccule, p the vapour pressure at tem¬ 
perature T, and R the gas constant. 
Clausius-Mosotti law. The relationship 

P _ D ~ I M 
D + 2 d' 

wherein P is the molecular polarization of 
a substance, D its dielectric constant, M its 


molecular weight, and d *its density, is 
termed the Clausius-Mosotti law. 

Clavacin. See I'atulin. 

Claviformin. See Patulin. 

Clay is a term which docs not permit of 
exact definition. It is used chiefly as the 
name of those portions of the earth’s crust 
which occur as a plastic paste or can be 
converted into such a paste by grinding 
and mixing with water. Chemically, clays 
arc regarded as compounds of aluminium, 
silicon, oxygen and hydrogen in which the 
atoms arc arranged in a scries of sheets or 
layers, but commercially and agriculturally 
the term has so wide a meaning as to be 
almost indefinable. Some china clays, for 
example, arc almost devoid of plasticity, 
which is usually regarded us the chief 
characteristic of clays. 

Clays, when dried and ground to powder, 
can be suspended in water and remain in 
suspension indefinitely, though the coarser 
particles of associated minerals settle fairly 
rapidly. Much less water is needed to effect 
the suspension if a very small proportion 
(0-2-0-5 %) of sodium carbonate or other 
alkali is added. Such suspensions arc 
used ns a means of casting clay articles 
in plaster moulds. In dilute suspensions 
the particles arc kept in motion by forces 
producing the Brownian movement, but 
in more concentrated suspensions the 
Brownian movement ceases and a gel may 
be formed. 

Clays arc sometimes classified as Na-clays, 
Ca-clays, H-clays, etc., according to the 
predominant ion of an easily replaceable 
nature. On washing H-clays with a solution 
containing metallic ions, the hydrogen is 
replaced by alkali- or alkaline earth-ions or, 
occasionally, by iron ions. It is understood 
that the metal ions keep the atomic sheets 
or layers apart when the clay is dried, and 
so facilitate the entrance of water and the 
development of plasticity when the material 
is subsequently wetted. 

Clear area. The total area of all the 
apertures in a screening surface. 

Clement, - (d. 1841). A native of 

Dijon, Clement became professor of applied 
chemistry at the Conservatoire des Arts-et- 
Metiers, Paris. He carried out numerous 
investigations in conjunction with Desormcs, 
their principal achievements being the 
elucidation of the true nature of carbon 
monoxide and substantial improvements in 
the manufacture of sulphuric acid by the 
chamber process. 

Clemmensen reduction. Aldehydes and 
ketones may be reduced to the corresponding 
hydrocarbons by heating them with amal¬ 
gamated zinc and hydrochloric acid. This 
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method, due to Clemmensen, has received 
wide application, and has been successfully 
employed for the reduction of aliphatic 
and aromatic aldehydes and ketones 
cyclic ketones, and hydroxy-aldehydes and 

ke In£ V 0 Per Theodor (1840-1005). Born at 
Stockholm, the son of a merchant. Clive 
was educated at the University of Upsala. 
After studying for a time with Wurtz in 
Paris he was appointed professor of 
chemistry at Upsala. He was interested 
alike in chemistry, geology, botany, and 
hydrography, but his fame rests chiefly on 
his discoveries among the rare earths. He 
discovered the clement thulium, and was an 
independent discoverer of holmium. Sec 
Chan. Soc. Mem. Led.. 1006. 

Cleveite. A particular variety of the 
mineral uraninitc or pitchblende, consisting 
largely of an oxide of uranium, but con¬ 
taining rare earths. Cleveite is generally 
black, and has sp. gr. 7-5, hardness 5 5. 
It frequently contains appreciable quanti¬ 
ties of helium, part of which is disengaged 
by strong heating. 

Clbve’s Acids. A mixture in approx¬ 
imately equal proportions of 1-naphthyl- 
aminc-6-sulphonic acid and 1-naphthyl- 
amine-7-sulphonic acid, 

NH, NH, 



and 





The corresponding nitro-acids arc obtained 
by nitrating naphthalene-2-sulphonic acid 
and arc then converted into Clove's acids 
by reduction. They are used as com¬ 
ponents in the production of direct black 
cotton dyestuffs. 

Closed circuit grinding. In this process 
the entire product from a size reduction 
machine passes to a size classifier of some 
description, such as a system of screens, a 
cyclone separator, or, if the process is wet, 
a Dorr Classifier. The undersize is the 
product, the oversize is returned to the 
mill, together with fresh feed, for further 
disintegration. The advantage of this 
type of operation is that since the greater 
part of the power expended in a grinding 
process is utilized in further reduction of 
the smaller particles, the continuous removal 
of finc6 effects a pronounced economy in 
power. 

Close sizing. When, in a screening opera¬ 
tion, the limiting and retaining screens are 
of nearly the same size of opening the process 
is referred to as close sizing. 

Cloud Chamber. See Wilson chamber. 


Cloves arc the dried unexpanded flower 
buds of Eugenia aromatica, a tree cultivated 
in Zanzibar. The medicinal properties of 
this drug lie chiefly in its volatile oil— oil 
of cloxjes—ot which it contains up to 20 %. 
It is a stimulant and carminative, and is 
used in dyspepsia for flatulence, usually 
combined with other aromatic drugs. 

Clupadonic acid, C„H J4 0,. 

CH, CH t • [CH : CH • CH, • CH,], • 

[CH: CH • CH,], CH, • COOH 

or 

CH, • CH, • [CH : CH • CH, • CH,], • CH : 

CH • CII, [CH : CH CH, • CH,], COOH 
An unsaturated fatty acid occurring in many 
fish oils, including cod-liver oil. It is a pale 
yellow oil with a fishy smell. 

Clupeine. A protein, belonging to the 
protamine class, found in the sperm and 
testicles of the herring. On hydrolysis, it 
gives about 90 % of the amino-acid 
arginine. Its molecular weight is about 
18,000. 

Coacervation. Under certain circumstances 
a lyophilic (hydrated colloid) sol may be 
made to separate into two immiscible liquid 
phases, each of which has a different concen¬ 
tration of the disperse phase. This process 
is known as coacervation, the resulting 
liquids, coaccrvates. A typical example of 
coacervation is the action of alcohol on 
protein sols at 50° C. 

Reference : Bungcnberg dc Jong, “ Co- 
acervatc8,‘’ ActualiUs Scientifiques, vols. 397 
and 398. 

Coagel. Gels are formed by the partial 
coagulation of hydrated colloidal sols. In 
the case of gelatine and many other hydro¬ 
philic colloids, the gel is a continuous jelly 
formed by lowering of the temperature. On 
the other hand, gelatinous precipitates such 
as those of the metallic hydroxides arc 
formed by coagulation of the initially formed 
sol in a chemical double decomposition. 
The term gel is usually extended to cover 
such cases, but sometimes gels formed in 
this way by coagulation are named coagcls. 
Amongst coagcls are not only the gelatinous 
precipitates, but also the continuous, rigid 
silica gel. See Colloid, Gel, Hydrophilic. 

Coagulation. The stability of a colloidal 
particle is due to its surface electric charge, 
or its possession of a hydration sheath, or 
both. Any effect, chemical or physical, 
which removes these causes of stability 
produces coagulation. Thus the passage of 
an electric current through a colloidal sol 
makes the particles move to the electrode 
where they are discharged and coagulated. 
The electrical precipitation of smokes and 
mists is due to a similar action. 
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The action of small quantities of electro¬ 
lytes in coagulating hydrophobic (i.e. un¬ 
hydrated) colloids is important. The colloid 
is coagulated by the adsorption of ions of 
charge opposite to that which it carries. 
Thus an arsenic sulphide sol (negative) can 
be coagulated by univalent cations, but 
divalent cations are more efficient and tri- 
valent cations much more so, the latter 
producing coagulation even at great dilu¬ 
tions. The addition of a large excess of the 
coagulant may stabilize a sol of opposite 
charge to that of the initial colloid, by 
adsorption of a large excess of (in the above 
example, positive) ions. Other coagulating 
influences include ultrasonic vibrations, 
ultra-violet light, and boiling (as in denatur- 
ization of proteins); the two latter effects 
are essentially chemical. Hydrated or 
hydrophilic colloids arc also coagulated by 
electrolytes, but only in high concentra¬ 
tions. This effect is termed ** salting out " 
( q.v .) in contrast to the simple adsorption 
effect outlined above. Sec Colloid, Cata- 
phorcsis, Peptization, “ Salting out.” 

Coal. A naturally occurring solid fuel 
which exists in the form of seams at varying 
depths below the earth’s surface. Coal has 
been formed by slow progressive decay, 
effected by heat and pressure due to earth 
movements, of the plnnt remains that 
existed millions of years ago. 

In this degradation, the difference in 
properties between the original woody 
material and highest ranking coal, anthra¬ 
cite, is well defined but gradual. The carbon 
content increases from about 50 % to 93 % 
and over, whilst the oxygen decreases from 
about 40 % to less than 4 %. The calorific 
value increases from about 8000 to 15,000 
B.T.U.'s/lb. through this range: from 
woody tissue—peat—lignites—bituminous 
—semibituminous and carbonaceous to the 
anthracites. 

The properties of the different coals in 
this ranking will vary considerably and 
many can be used only for specific purposes, 
e.g. central-heating, steam raising, domestic 
fireplaces, for metallurgical coke, gas works, 
nnd producer practice. See Bone and 
Himus, “Coal, its Constitution and 
Uses.” 

Coal briquettes. By briquetting coal 
fines into blocks or ovoids a more adaptable 
product for burning is obtained. The raw 
coal is ground finely and mixed with the 
“ binder ” (usually coal-tar pitch) which 
has also been ground. The mixture is then 
fed into the steam kneading apparatus, 
heated with superheated steam. The 
plastic material may be further intimately 
mixed in a roller mill, and is then fed into 


the press at a temperature of about SO'-OO 0 , 
where the briquettes arc pressed out. 

Coal, classification of. Coal may be 
classified according to (A) its physical pro¬ 
perties; (B) its chemical properties. 

A. 1. Macroscopic appearance, e.g. lustre. 

striation. Sec Macroscopic coni 
constituents. 

2. Botanical nature ; e.g. nnthraxylon, 

nttritus. Sec Anthraxylon. 

3. Micropctrological constitution ; ulrnic 

or humic mafcrinl, residuum, resins, 
plant remains. 

B. 1. Carbon, hydrogen, oxygen content. 

See Ralston's classification of coal. 

2. Ultimate and proximate analysis. 

Sec Gruner’s classification of coal. 

3. Proximate nnalysis and calorific value. 

See Parr’s classification and Seylcr’s 
classification of coal. 

Coal gas. See Town gas. 

Coalite process of low-temperature car¬ 
bonization. One of the processes for the 
low-tcmpcmturc carbonization of coal. 
The unit consists of a block of cust steel 
0 feet high and 4 feet square, with 12 
tubular holes of 4$ in. diameter at the 
top and 5J in. at the bottom, holding 
50 lb. of coal. A battery would consist 
of 30 of these blocks fixed in a setting and 
heated by producer gas. The temperature 
of carbonization is 000' and the time re¬ 
quired to carlKtnizc is 4 hours. The normal 
by-products arc obtained, nnd a yield of 
products from 1 ton of coal is given ns— 


Smokeless fuel 14 cwt. 

Crude coal-tar oil 18 galls. 

Crude petrol from gas 3 galls. 

Gas equivalent to 30 therms. 

Sulphate of ammonin 4 lb. 


Aqueous ammonin liquor 20 galls. 

See Low-tcmpcraturc carbonization. 

Coal-tar pigments. These arc organic 
dyestuffs used for the colouring of paints, 
lacquers, varnishes, etc. They are insoluble 
in water, and have the type of colour lakes. 
The dyes for printing on fabrics, particularly 
on calico, are applied in the form of a thick 
emulsion which also contains any necessary 
reagent or mordant. 

Coated paper. For the purpose of pro¬ 
ducing a fine surface for printing, paper is 
coated with a colloidal mix, consisting of 
a finely dispersed mineral such as kaolin, 
satin white, etc., with an adhesive such as 
glue, casein, or starch. Additional materials 
are added to give plasticity to the coat, to 
harden the protein, and to prevent frothing. 
The preparation, application, and drying of 
such materials is strictly in accordance with 
colloidal principles. 
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Cobalt, Co. 
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At. no. 27, At. wt. 58 94. 
B.P. 3185°, D => 8 8. Crys- 


. „i hexaconal stnicturc, - — - —» 
pfl ! k 4 d 07 A., and 0-Co has a face-centred 
c ~~. __ — S-S4 A. Discovered in 


2 50, 


cubic structure, a =■ 


3-54 A. Discovered 


^5 bv Brandt in the blue glass called 
' . obtained by fusing impure cobalt 

arsenate .nth sand and potassium carbonate 
Cobalt has been shown to be a constituent 
of some specimens of ancient Egyptian and 

Babvl<> nian ^ ue ^* ass ' . .. 

Occurs to a small extent as the arsenide, 

CoAs, known as speiss cobalt or smaltite. 
Cobalt is also found as cobalt glance, 
(Co Fe, As)S, and as cobalt bloom. 
CojAsO.),. 8H,0. The principal c ommer- 
cial sources of cobalt are the silver ores 
containing arsenides and sulphides, of 
Cobalt city, Ontario, and the manganese 
ores containing about 2 % cobalt oxide of 
New Caledonia. 

Cobalt is a tenacious, silvery-white 
metal, which is readily polished and shows 
a high lustre. It oxidizes slowly on heating 
in air. In the finely divided state it will 
absorb 50-153 volumes of hydrogen. The 
metal dissolves slowly in dilute sulphuric 
and hydrochloric acids, and readily in 
nitric acid. In the latter acid it can 
become passive. Finely divided cobalt 
acts as an effective catalyst for hydro¬ 
genation reactions (cf. Nickel). 

Cobalt is a constituent of the tungsten- 
less high-speed steel known as cobaltochrom- 
Btcel, and is an important constituent of 
super-magnet steels. 

Cobalt acetates. Red monoclinic crystals 
of cobaltous acetate tetrahydrate, 
CofCjHjO,),, 4H.O, are obtained by crys¬ 
tallizing a solution of cobalt carbonate in 
acetic acid. The red anhydrous salt is 
prepared by the action of acetic anhydride 
on cobaltous nitrate hexahydrate, Co(NO,) t . 
6H,0. Cobaltous acetate is used as a 
drier in paints. A green solution of cobaltic 
acetate, CofCjHjO,),, is obtained by electro¬ 
lytic oxidation of a solution of anhydrous 
cobaltous acetate in acetic acid. 

Cobaltaxnmmes. On addition of excess 
ammonia to a cobalt salt and exposure to 
air, absorption of oxygen occurs, and a 
brown solution is formed, which becomes 
pink on boiling. The solution contains 
complex cobaltammines, which contain 
ammonia united with a cobaltic compound. 
These show none of the reactions of cobalt, 
the metal being present in complex cations 
or anions. 

The cobalthexammines contain the group 
[Co(NH,)J+++ and may be obtained by 
the method outlined above. This grouping 


forms well-defined salts with every known 
inorganic acid. In this group the am¬ 
monia may be replaced by such compounds 
as hydroxylaminc [Co(NH.OH),] +++ , cthyl- 
cncdiamine [Co(NH, • CH, • CH, • NH 2 ),1 +++ , 
propylene diamine and many other 
organic amines. The ammonia molecules 
may also be partly or entirely replaced by 
water molecules, giving groups such as 
[Co<NH,)„ H,0]+++, [Co(NHj)(H 2 0) 6 ] +++ , 
and finally [Co(II 2 0),]+ ++ . When an am¬ 
monia group is replaced by a negative 
group, the valency of the complex changes. 
Thus replacing one ammonia group by a 
chlorine, hydroxyl, or nitro group gives 
the bivalent complexes [Co(NHj) 5 C1]+ + , 
[Co(NH,),OH)++ and [Co(NH,) s (NO,)]++; 
these are the pcntammincs. The ammonia, 
in a similar way to the hexainmincs, may 
be replaced by ethylene diamine, etc. 

Triammincs have three Nil, groups re¬ 
placed by negative groups, and the result¬ 
ing complexes are non-electrolytes. Such 
compounds as cobalttrichlorotriammine 
(Co{CI),(NII,),) arc known. 

A further replacement of ammonia groups 
by negative groups changes the sign of the 
ion, thus : 

[Co(NH,) t (NO,) t (C 1 0 4 )J-. 

The radicals within the grouping arc said 
to be co-ordinated with the metal atom ; 
the number of such groups is called the 
co-ordination number; in the case of 
cobalt this is six. The spatial arrange¬ 
ment of the groups within the complex 
and of all groups in the molecule can 
give rise to seven types of isomerism, of 
which one, ionization isomerism, is illustrated 
above. 

Cobalt blue is a mixed oxide of cobalt 
and aluminium prepared by adding sodium 
carbonate solution to a mixed solution of 
alum and cobalt chloride. The precipitate 
formed is ignited, washed, and ground. 
It is an extremely permanent pigment but 
expensive, and is mostly used by artists 
and in the pottery trade. Another cobalt 
blue is a cobalt silicate. 

Cobalt carbonyl. By heating cobalt at 
150° in carbon monoxide at 30 atm. 
pressure orange-red crystals of cobalt 
carbonyl, Co 2 ( CO )„ (M.P. 51 c ) are obtained. 
At 60° it forms Co(CO)„ giving black 
crystals from a solution in benzene. 

Cobalt compounds. All simple cobalt 
salts are derived from the divalent oxide 
and give in solution the divalent, Co**, ion. 
These are known as the cobaltous com¬ 
pounds. The cobaltic compounds, derived 
from the oxide, Co 2 0„ and giving the ion 
Co***, are unstable, and except for the 



Cobalt 


Coca 


140 


sulphate, Co,(S0 4 ) 3 , 1811,0, which forms 
alums, are known only in solution. The 
complex cobaltammincs, obtained by adding 
an excess of ammonia to a cobaltous salt 
solution in the presence of air, contain 
tervalcnt cobalt. 

Cobalt compounds (complex). Cobaltous 
cyanide, Co(CN)„ .111,0, precipitated by 
the addition of potassium cyanide to a 
solution of a cobalt salt, is soluble in excess 
of cyanide, forming a yellow solution of 
potassium cobaltocyanide, K 4 Co(CN), (cf. 
fcrrocyanide). This is thrown down as a 
deep amethyst-coloured powder by alcohol. 
On boiling the cobaltocyanide in acid 
solution, oxidation occurs and potassium 
cobalticyanide, K,Co(CN)„ is formed. Co- 
balticyanidcs are stable and give none of the 
reactions of cyanides or of cobalt, owing to 
the complex [Co(CN),J-. 

Potassium nitrite gives, with a solution of 
a cobaltous salt acidified with acetic acid, 
a yellow precipitate of potassium cobalti- 
nitrite, K,Co(NO,),. This contains the 
complex [Co(NO,) 4 ]-. The salts 

KAg,Co(NO,) 4 and K,AgCo(NO,) 4 

arc less soluble than the potassium salt. 
Thus a solution of sodium silver cobalti- 
nitrite is sufficiently sensitive to detect one 
part of potassium in 10,000 parts of water. 

Cobalt oxides. Cobaltous oxide, CoO. 
The addition of caustic potash to a solution 
of cobaltous nitrate gives a bluish-violet 
precipitate, which on boiling is converted 
into pink, impure eobaltous hydroxide, 
Co(OH),. On heating the hydroxide out of 
contact with air, olivc-grccn cobaltous oxide 
is formed. This oxide is also formed by the 
ignition of eobalt sulphate, nitrate, or 
carbonate in an inert atmosphere or in vacuo. 
Cobaltous oxide oxidizes readily, even at 
100', to form eobalto-cobaltic oxide, Co,0 4 . 
It is readily reduced by hydrogen to the 
metal. 

Cobalt dioxide. CoO,. Obtained, as a 
dark brown precipitate, by the oxidation of 
a cobalt salt with chlorine, bromine, or 
iodine in alkali hydroxide. This oxide is 
very unstable, passing, even on continued 
washing, into the cobalto-cobaltic oxide, 
Co,0 4 . Cobalt dioxide, in a manner 
similar to manganese dioxide, forms a 
number of compounds in which it plays the 
part of the acid. Cobaltites of magnesium, 
barium, and potassium arc known; cobalt 
sesquioxidc is considered to be cobaltous 
cobaltitc, CoO, CoO,. 

Cobalt sesquioxide, Co,0 3 . Obtained, as 
a brown powder, by the gentle ignition of 
cobaltous nitrate. The product, however, 
never has the composition corresponding 


exactly to Co.O,. On heating it passes 
readily to Co,O t . Is readily reduced to 
the metal by hydrogen. Dissolves in 
strong acids to give unstable, brown solu¬ 
tions of tervalcnt eobalt salts. With dilute 
acids, cobaltous salts arc formed. 

Cobalto-cobaltic oxide, Co,<) 4 . Obtained, 
as a black powder, by the ignition of the 
other oxides, nitrate, carbonate, or sulphate 
in air. Probably has the constitution 
Co t O„ CoO. Is readily reduced to the 
metal by hydrogen, the reaction commencing 
at 90’ and is very rapid and complete ut 
1100°. May also be reduced by aluminium. 

Cobaltous chloride. The solutions of 
cobalt, or the oxide, in hydrochloric acid 
give on evaporation dark red crystals of 
cobaltous chloride hexahydratc, CoCI„ 
0H,O. The anhydrous salt and the mono- 
hydrate, obtained by heating, arc blue in 
colour. Aqueous solutions of the chloride 
are pink, but become blue on the addition 
of hydrochloric acid owing to a reversal of 
the ionization, and, to some extent, to the 
formation of the complex anion CoCI 4 *. 

Cobaltous nitrate. Obtained by dissolv¬ 
ing cobalt in nitric acid, the solution on 
evaporation yields pink crystals of hexa- 
hydratc, Co(NO,)„ 011,0. On heating the 
crystals melt at about 70°, and when held 
at this temperature for some time crystals 
of the trihydrate, Co(NO,)„3lI a O. arc 
produced. On standing over sulphuric 
acid for several months, crystals of the 
hexahydratc lose water and leave a pink 
powder having a composition corresponding 
to the dihydratc. 

Cobaltous sulphate. Formed by dissolv¬ 
ing the metal, or the oxide, in sulphuric 
acid, crystallizes on evaporation as the 
heptahydrate, CoS0 4 .7H,0, isomorphous 
with nickel and ferrous sulphates. The 
solution at 50’ deposits CoS0 4 ,0H,O, 
isomorphous with zinc sulphate, ZnS0 4 , 
611,0. The tetrahydratc and the rose-red 
anhydrous salt arc known. 

Cobb, John William (1873- ). Cobb 

was bom in Leeds and educated at Leeds 
University. From 1892 to 1912 he was 
with the Farnley Iron Co., first as chemist 
and then as technical assistant to the 
Managing Director. In 1912 he was ap¬ 
pointed Livesey Professor of Coal Gas 
and Fuel Industries in Leeds University, 
and retained this position until 1938. 
His chief work has dealt with fuel techno¬ 
logy and refractory materials. 

Coca consists of the dried leaves of 
Erythroxylum coca and Erythroxylum truxil- 
lense, shrubs growing in Bolivia and Peru. 
Coca owes its physiological action to its 
content of alkaloids— cocaine, cinnamyl 
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cocaine, and truxilline. It is used in the 
form of a liquid extract which is standard¬ 
ized to contain 0 5 % of alkaloids, and is 
administered as a nerve tonic and muscular 
stimulant, expccially where there is nausea 
and vomiting with pain. 

Cocaine, benzoylmethylecgonine, 

c 17 h„o 4 n. 

CH,—CH-CH . COOCH, 

i.CH, CH . O . CO .C 4 H, 

ii.—in—— 

Colourless prisms, M.P. 08°. Very slightly 
soluble in water, soluble in 10 parts of 
alcohol. fa] 2 D ° - 15-83° in chloroform. 
It is obtained from coca, either by direct 
purification, or by acid hydrolysis of the 
mixed alkaloids to eegonine, which is then 
methylated and benzoylated. Cocaine is 
a valuable local anaesthetic, particularly for 
ophthalmic and dental work. Taken in¬ 
ternally or as snuff it is a dangerous habit¬ 
forming drug. 

Cocarboxylase. Sec Co-enzymes. 

Cochineal. Cochineal is the dried body 
of the female Insect, Dactylopius coccus. It 
is ground to a powder, and is largely soluble 
in water and alcohol. The deep red colour 
of cochineal is due to carminic acid, of 
which it contains about 10 %. Cochineal 
was in the past used for dyeing silk and 
wool. It is used as a colouring matter for 
foodstuffs and drugs, and as an indicator. 

Cockrolt, John Douglas (1807- ). 

A graduate of Cambridge University, 
Cockroft was for a time lecturer in the 
Cavendish Laboratory before becoming in 
1930 Jacksonian professor of natural 
philosophy at Cambridge. He has made 
many important contributions to the 
subject of nuclear physics and was ap¬ 
pointed in 1940 Director of the Ministry 
of Supply Research and Development 
Establishment for work on atomic energy. 

Cockscomb pyrites. See Marcasite. 

Codehydrogenase. Sec Co-enzymes. 

Codeine, Methylmorphine, C 10 H n O,N. 



Colourless crystals with one molecule of 
water. M.P. 155°. Soluble in 120 parts 
of water, more soluble hot, and in 20 parts 
of alcohol. [a] D - 137-75° in alcohol. 
Prepared by methylating morphine or 
directly from opium. It is a mild hypnotic 
and sedative and is not habit-forming. 

Cod-liver oil is the oil expressed from the 
fresh liver of the cod, Gadus niorrhua. In 
addition to its oily constituents, it contains 
vitamin A and vitamin D, and is of great 
value to growing children for the prevention 
and cure of rickets, and in the treatment of 
tuberculosis. Its medicinal properties were 
recognized long before the discovery of vita¬ 
mins, but it is only since these discoveries 
that due care has been taken in the extrac¬ 
tion of the oil to prevent destruction of 
these valuable constituents. It is usually 
administered either alone or as an emulsion, 
or mixed with extract of malt. 

Co-enzymes, Co-zymase. The non-living 
agents or enzymes which bring about alco¬ 
holic fermentation, lactic acid formation in 
muscle, and certain other changes have been 
proved to contain a part which is separable 
by dialysis and is stable to heat. This was 
named co-enzyme by Harden. The nature 
of these substances has recently been estab¬ 
lished. The co-cnzymc of muscle is adenylic 
acid, i.e. adenine riboside-5-phosphoric acid. 

N—CH—NH, 

HC i-N 

| I ) CH 

N—C-N—CH [CHOH] t • CH CH, • O PO,H, 



The co-zymase of alcoholic fermentation, 
also called codehydrogenasc I, is built up 
of adenine, nicotinamide, two molecules of 
rf-ribose and two molecules of phosphoric 
acid and has the structure 



The co-enzvme of Warburg's oxidation 
system, codchydrogenase II, is closely 
related to co-zymase, containing one more 
phosphoric acid group. These co-enzymes 
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are widely distributed and when purified 
form a colourless, easily soluble powder. 

Co-carboxylase, the co-enzyme of car¬ 
boxylase, is the diphosphoric acid ester 
of vitamin B„ with the structure 


Cl 


N-CNII, 

H,C—d: d:— ch.—n 

nUh Jh 


-C—CH, 


OH 
I 


OH 

I 


Lch , CH, O—P—O—P—OH 

V A 


A 


Coffee mill. So-called because its mode 
of action is precisely that of the domestic 
coffee mill. Several conical grinding 
members, the diameters of which decrease 
and the slope of whose surfaces increases 
progressively from the bottom upwards, 
arc mounted immediately above one another 
on a vertical shaft. The whole rotates 
inside a conical easing which forms the 
second grinding surface. The gap between 
the two surfaces is widest at the top where 
the feed enters and decreases to a minimum 
at the discharge point, so that a fairly large 
reduction can be obtained in a single pass. 

Cohen, Ernst Julius (1860-1044). Edu¬ 
cated at Amsterdam, Cohen afterwards 
studied under Arrhenius (Stockholm) and 
Moissan (Paris). In 1001 he was appointed 
professor of chemistry at the Municipal 
University, Amsterdam, and in 1002 he 
received a similar appointment at the 
University of Utrecht. For his researches 
in organic chemistry he was elected a 
Member of the Academy of Sciences in 1013. 

Cohen, Julian B. (1850-1035). Born at 
Manchester, Cohen was educated at Owens 
College and the Universities of Leeds and 
Munich. In 1004 he was appointed pro¬ 
fessor of chemistry at Leeds University, 
where he had been lecturer for several 
years. After his retirement in 102-4 he 
carried out researches in the laboratory of 
the Leeds Medical School. His chief in¬ 
vestigations were upon aromatic substi¬ 
tution and the laws which govern it, and 
upon optical activity. He was elected 
F.R.S. in 1011. 

Cohoe, Wallace Patten (1875- ). Bom 

at Norwich, Ontario, Cohoe was educated 
at the McMaster University, Hamilton, 
Ontario, and at Harvard. From 1000 to 
1007 he was professor of chemistry at 
McMaster, then becoming President of 
the Chemical Laboratories Ltd. (Toronto). 
In 1012 he became a consultant chemist 
and engineer and since 1020 has been 
connected with Cohoe Processes Inc. in 
this capacity. He was President of the 
Society of Chemical Industry, 1948-44, and 
Messel medalist, 1046. 


Coke is the dense product left in the 
retort or coke-oven after a suitable coal 
has been carbonized. The size and nature 
of the final residue will depend on many 
factors, c.g. rate and dura¬ 
tion of carbonization, width 
of oven, anil type of coal. 
The coke will vary in colour 
from a dark matte appear¬ 
ance to the more desirable 
bright silvery lustre. The 
material should have a light 
metallic ring when dropped. 

Coke is used for many 
purposes: blast-furnace work, foundry 
work, central heating, and boiler installa¬ 
tions ; the use to which it is placed will 
determine the properties most desirable. 
In most cases it should have a low ash 
content (less than 10 %), low sulphur, and 
phosphorus, and should also contain a low 
percentage of moisture. Importance is 
attached to its porosity and hardness. 

Coke oven. The modern by-product 
oven is an horizontal rectangular chamber 
from 30 to 45 feet long, 0 to 20 feet high, 
and from 11 inches to 22 inches wide. It 
is closed at each end by a cast iron or steel 
door with firebrick lining. These doors arc 
removed by winches or by a removing and 
clamping device on the " ram ” itself. 

The charge of coal (10-25 tons) is cither 
fed in via charging holes in the top of the 
oven or, less usually, compressed in a box- 
in a stamping machine and transferred 
directly, in the form of a single cake, into 
the oven through the doors. Several of 
these ovens arc built in batteries of about 
30 ovens, separated from each other by 
single or double Hues in which the gas is 
burnt to heat the ovens. This gas may be 
either part of the purified coke-oven gas or, 
when this is required for other purposes, 
producer or blast-furnace gas may be used. 

The air required for combustion is pre¬ 
heated in chequered brickwork, the re¬ 
generators, which run beneath the ovens 
either the length of the battery or under 
each individual oven. For intervals of 
about half an hour one half of these re¬ 
generators are being heated at the expense 
of the sensible heat in the burnt gases 
leaving the flues, and the other half is 
giving up its heat to the incoming air prior 
to combustion. At the end of this interval 
the procedure is reversed and the half which 
was being heated is now preheating the air, 
and the other half is now carrying the hot- 
waste gases. 

The crude coke-oven gas leaves the top 
of the oven by incans of the ascension pipes 
and enters the hydraulic main which carries 
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it to the by-product recovery plant. At 
the end of the coking period (12-2-1 hours) 
the coke is discharged by the “ ram " cither 
directly on to the coke bench, where it is 
cooled first by the Darby Cooler and then 
bv hoses, or on to the coke car. which takes 
it to the quenching tower, where it is 
sprayed with cold water. 

There are many varieties of by-product 
coke ovens: 

Horizontal, recuperative, e.g. Semct Sol- 
vay. 

„ regenerative, e.g. Semet Sol- 

vay. 

„ waste - heat, e.g. Simon 

Carves. 

Vertical, recuperative, e.g. Otto Hil- 
gcnstock. 

regenerative, e.g. Otto Hoff¬ 
man, Koppcrs. 

Coking coal. The commercial value of 
a coke depends on the extent to which it 
satisfies the requirements of the process 
for which it is to be used : e.g. in foundries, 
blast furnaces, lime kilns, water gas pro¬ 
ducers, or for domestic use, and will depend 
on its purity, size, strength, and structure. 
These physical characteristics will be 
determined by: 

(a) the coal used and state in which coal 
is charged into oven or retort, (6) the type 
of oven used for carbonizing, (c) the 
control of the oven, e.g. flue temperatures, 
time of carbonization, ( d) the subsequent 
treatment of the coke after discharge. 

The coal on carbonizing must shrink 
adequately to permit of easy discharge 
from the oven. A coal may then be classed 
as a coking coal if when carbonized by a 
commercial method in a commercial type 
of oven it will give a merchantable coke. 
A coal which in itself may not be a coking 
coal will often in combination with another 
type of coal give rise to a good coke. 

Colchicine, C,,H„0,N. The formula is 
doubtful, Windaus suggests that printed, 
but sec Dewar, Nature, 1945, 155, 142. 

CH.o/V-CH,—C(CH,). NH . CO . CH, 

CHjOl^J—C-d—CH 

CH,0 Jj ;H __ co _ < | ; . CH QCHj 


It crystallizes in pale yellow needles, 
M.P. 155°, very soluble in water and 
alcohol [a] 1 / - 120-7°. It is an alkaloid 
obtained from colchicum, which is the dried 
corms and seeds of the meadow saffron, 
Colchicum autumnale. Large doses are 
poisonous; in small doses it is used in the 


treatment of gout. Colchicine is used 
experimentally for its property of producing 
mutations in living cells. 

Collagen. A protein, belonging to the 
scleroprotein class, which is the most impor¬ 
tant constituent of the connective tissue of 
animals and also forms part of the structure 
of cartilage and the scales of fish. It is a 
colourless substance that swells up in cold 
water and slowly dissolves in boiling water, 
giving off ammonia, and forming gelatine. 

Collargol. See Silver colloidal. 

Collie, J. Norman (1859-1942). Collie 
was appointed professor of organic chemistry 
at University College, London, in 1002. 
and became Director of the Chemical 
Laboratory in 1912. He retired in 1928, 
For his researches in organic chemistry he 
was elected F.R.S. 

Colli native properties. Those properties, 
which are independent of the nature of a 
substance, and dependent only on the 
number of particles (atoms, molecules, or 
ions) present, are called colligativc proper¬ 
ties, e.g. vapour pressure, osmotic pressure, 
elevation of boiling-point, depression of 
freezing-point. 

Collodion. A nitrocellulose containing 
10-5 - 12-3 % of nitrogen, widely used ns 
a base for lacquers, in which a ketone or 
ester may be used as the solvent. Many 
esters particularly suitable for nitrocellu¬ 
lose solvents have been developed. Ad¬ 
dition of certain resins to the lacquer 
improves the gloss and adhesiveness of the 
nitrocellulose film left on drying. The 
film readily becomes brittle on exposure 
to light unless the lacquer is specified by 
addition of a suitable pigment. The term 
“ collodion ** is sometimes applied in¬ 
correctly to nitrocellulose lacquers. 

Colloidal electrolyte. Many colloidal 
materials react as if they consisted of 
numbers of giant polyvalent ions in equi¬ 
librium with the corresponding number of 
simple ions of opposite sign. Thus the 
sodium salts of the lower fatty acids l>ohavc 
as normal weak electrolytes, dissociating 
into simple anions and cations; as wc pass 
to higher members of the scries, association 
begins to take place and colloidal character 
is assumed. The anion is no longer a 
discrete fatty acid anion but consists of an 
aggregate of fatty acid anions, together 
with undissociated neutral salt molecules; 
it is a giant polyvalent ion, dissociating at 
the surface and compensated by an equal 
number of sodium ions in close proximity 
to the giant ion. This is a general picture 
of a colloidal electrolyte, to which class the 
soaps and many dyestuffs belong. On 
passing an electric current through the 
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above system, the outer sodium ions move 
to the cathode, the giant ions to the anode. 
Since these latter contain undissociatcd salt 
molecules, it follows that some of the sodium 
migrates to the anode. The rate of move¬ 
ment of the giant ions is little different 
from that of simple ions and transport 
number determinations can be carried out 
normally. There is a modern tendency to 
regard all colloidal particles as colloid 
elect roly tcs. See also Colloids, Cataphorcsis, 
Ionogenic complex. 

Colloidal equivalent. The particles of 
colloidal sols may be regarded as being 
formed by the aggregation of a large number 
of molecules and ionized only at the 
surface. Such giant ions inay carry several 
hundred or thousand unit charges, the 
number of chemical molecules (excluding 
water or other solvating substances) per 
unit charge being termed the colloidal 
equivalent. See Colloids, Colloidal electro¬ 
lyte. 

Colloid mills. Colloid mills ure used to 
reduce material to sizes of the order 1 to 
01 micron, und at the same time to 
suspend them in a liquid to form a colloidal 
solution. The characteristic of all mills of 
this type is a very high rate of movement 
of the grinding surfaces, and a very small 
clearance between them. 

In the Plauson type of mill the solid and 
liquid arc fed in through a vertical hollow 
shaft, pass between rapidly rotating discs 
into the casing, and the resulting product 
is discharged. The English Plauson and 
Oderberg mills ure modifications of this 
type, and also operate by friction. 

In another type of mill the reduction is 
curried out entirely by shearing forces set 
up by moving a surface carrying a liquid 
film at a high speed over a stationary surface 
also carrying a liquid film. In this type of 
smooth surface mill the grinding surfaces 
may be either Hat discs or cones. The 
relative velocities of the surfaces arc of the 
order of 5.000 to 20.000 feet per minute, 
according to the nature of the feed. The 
Premier and Hurrel mills are of this type. 

If the grinding surfaces arc roughened or 
grooved an intense turbulence is produced 
which assists the shearing action, a principle 
which is utilized in the Charlotte mill. 

All these mills may also be used for the 
dispersion of one liquid in another, in which 
ease they arc more properly classed as 
mixers rather than size-reduction machinery. 

Colloids, the colloidal state. In i860 
Graham differentiated between substances 
which, in solution, were able to penetrate 
a dialysis membrane and those which were 
retained. The former (soluble salts, acids. 


cane sugar, etc.) he termed crystalloids, the 
latter (gelatine, albumin, etc.) colloids. 
Colloids are further characterized by a slow 
rate of diffusion and by the fact that the 
path of a beam of light is illuminated on 
passage through a colloidal solution. These 
properties indicate that particles of greater 
than molecular size exist in such solutions, 
and a substance is now defined ns being in 
the colloidal state if its particles, of size 
between 1 and 100 in ft, are dispersed in 
a continuous medium. Colloids arc thus 
intermediate between coarse suspensions on 
the one hand and molecular or ionic solu¬ 
tions on the other. The lines of demarca¬ 
tion arc indefinite, fine suspensions showing 
some colloidal effects, whilst large molecules 
arc essentially colloidal in behaviour. 

At first certain chemical substunccs were 
regarded as colloids but, as it is now possible 
by choice of suitable conditions to prepare 
all compounds in this form, it is more 
exact to consider the colloid state as a 
physical state in which all substances can 
be made to exist. Nevertheless, it is still 
convenient to regard as colloids many 
materials such as proteins, vegetable fibres, 
rubber, etc., which arc most stublc or occur 
naturally in the colloidal state. 

As the subdivision of a solid progresses, 
its specific surface increases greatly, and 
hence its adsorptive properties become 
pronounced. In the colloidal state the 
properties of surface arc all important, and 
it is possible to define u colloidal system ns 
one in which surface properties predom¬ 
inate over chemical constitution. See also 
Brownian movement, Coagulation, Colloidal 
electrolyte, etc. 

Colocynth, or bitter apple, is the dried 
pulp of the fruit of Cilrullus colocynthis, a 
plant growing in the Mediterranean regions 
and in North-West India. Before use the 
fruit is freed from the rind and seeds. 
Colocynth has a powerful cathartic action, 
and is used in purgative pills. 

Cologne yellow. See Lead chromates. 

Colophony. See Rosin. 

Columbium, Cb. An alternative name 
for niobium ( q.v .). 

Combining volumes, law of. See Gay- 
Lussac's law. 

Combustion. The term, as usually 
employed, refers to the combination of sub¬ 
stances with oxygen with evolution of heat 
and light (e.g. the burning of phosphorus or 
of carbon monoxide in air or oxygen). In 
its wider sense it also includes certain 
reactions in which oxygen docs not parti¬ 
cipate, such as the burning of phosphorus 
or of sodium in chlorine. The term slow 
combustion refers to oxidation reactions 
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taking place with a comparatively small 
rise in temperature, attributable to the 
inherent slowness of reaction, or to a deficit 
of one or other of the reactants. Oxidation 
reactions taking place without light emission 
are also sometimes classed as slow com¬ 
bustion. The term catalytic combustion 
is used to describe oxidation reactions 
taking place at a catalytic surface, either 
with or without the evolution of light. 

Commercial benzol. The product ob¬ 
tained when crude benzol is subjected to 
its first purification ; it consists mostly of 
benzene. 

Comparator. An instrument for deter¬ 
mining hydrogen ion concentration by the 
colorimetric method. It consists essen¬ 
tially of a box containing glass tubes in 
which the colour of an unknown solution 
treated with an indicator is compared with 
that of a standard buffer solution similarly 
treated. 

Complex ion. A complex ion is the basic 
ion of a complex salt and contains a 
number of simpler groups of atoms, or 
even atoms themselves, which, if present in 
a simple salt, would yield ions in aqueous 
solution. Thus, potassium fcrrocyanidc 
yields only potassium and ferrocyanidc 
ions in aqueous solution : 

K 4 Fe(CN). 4K* + [Fe(CN).]-— 

The ferrocyanide ion, (Fe(CN),)-, is a 

complex ion, with its own specific properties, 
which arc not the same as those of its 
components Fe** and CN-. 

Component. Findlay defines the number 
of components in a system as the smallest 
number of independently variable con¬ 
stituents by means of which the composi¬ 
tion of each “phase” participating in the 
state of equilibrium can be expressed in 
the form of a chemical equation. E.g. in 
a closed vessel containing CaCO„ CO„ 
and CaO, there are three molecular species, 
but CaCO, = CaO -f CO„ hence the number 
of components is not three, but two. The 
system is a two-component system. 

Compound. The usage of chemists in 
respect of the word compound is not per¬ 
fectly definite ; all would agree that gun¬ 
powder is a mixture and common salt a 
compound. Not much difficulty is found 
with a compound with a fixed composition 
such as salt, cane-sugar, or water. It is 
not so easy to learn the orthodox usage in 
connexion with substances the composition 
of which may vary by infinitesimal changes, 
the properties of the substance probably 
also varying in the same way. Glass, steel, 
red lead, white lead, and starch are examples 
of such substances ; in them every atom is 
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attracted by all the adjacent atoms so as to 
make a uniform or very nearly uniform 
solid ; such bodies are clearly not mere 
mechanical mixtures; they are chemical 
compounds of varying or indefinite com¬ 
position ; the felspars and many other 
silicates also have no definite composition ; 
many plastic bodies of the type of bakelite 
are chemically combined right through and 
must be considered as chemical compounds 
of varying composition ; alloys such as 
pewter and brass arc compounds not mere 
mixtures. It is impossible to give a 
definition of compound that is of any value, 
and there arc intermediate states in between 
the typical compound and the typical 
mixture. The topic concerns crystal struc¬ 
ture, polymerization, colloids, and liquids. 
The vagueness of the term must be borne 
in mind in defining a molecule as the smallest 
possible unit of a chemical compound. 

Compounding ingredients (for rubber). 
Many different materials arc incorporated 
in raw rubber before vulcanization to give 
the vuleanizate the desired properties, such 
as mechanical strength, hardness, abrasion 
resistance, resistance to tear, resistance to 
ageing ( q.v .), stiffness, thermal insulation, 
electrical resistance, colour, and so on 
according to the particular application, to 
facilitate manufacturing operations, or to 
cheapen the product. The types of in¬ 
gredients arc fillers, reinforcing agents, 
accelerators, antioxidants, vulcanizing 
agents, softeners, colouring agents, and 
odorants. The more important fillers arc 
barytes, clay, magnesium oxide, siliceous 
materials such as kicselguhr, calcium 
carbonate, reclaim (q.v.), asbestos, fibrous 
materials, and substitute (q.v.). The more 
important reinforcing agents arc carbon 
black, zinc oxide, magnesium carbonate, 
very finely divided silica, and colloidal clay. 

Conant, James Bryant (1893- ). 

Conant, President of Harvard University, 
is a graduate of that university. From 
1928 till 1933 he was Sheldon Emery 
professor of organic chemistry. His re¬ 
searches cover a wide field, in particular free 
radicals, oxidation-reduction, haemoglobin, 
and chlorophyll. He was awarded the 
Chandler Medal, Columbia University, in 
1932. See Science, 1940, 103, 191. 

Concentrated. A concentrated solution is 
one which contains a high proportion of the 
dissolved substance. Sometimes the term 
is applied not to the solution, but to a 
substance itself, e.g. concentrated hydro¬ 
chloric acid, when it has a similar signifi¬ 
cance, and implies a concentrated solution 
of hydrochloric acid, or in other cases, e.g. 
sulphuric acid, the pure acid itself. 



Concentration 


146 


Coniferyl 


Concentration. See Solution. 

Concentration cell. The potential of a 
piece of metal immersed in a solution con¬ 
taining its ions (sec Electrode potential) de¬ 
pends on the concentration of the ions. 
Thus a cell may be set up 
which derives its electromotive 
force from the difference in 
concentrations of solutions of 
the same electrolyte surround¬ 
ing the two electrodes. Any 
cell which depends on this 
principle is called n concen¬ 
tration cell. 

Conchoidal fracture. A fracture of a solid 
which is devoid of all appearance of cry¬ 
stalline structure, being made up of a series 
of shell-like curved surfaces. Such frac¬ 
tures arc commonly encountered in amor¬ 
phous glassy materials. 

Conductiometric titration. A titration in 
which the equivalence point is ascertained 
by observing the changes in conductivity 
of the solution. See also Electrometric 
titrations. 

Conductivity. The property of a substance 
by virtue of which the substance allows the 
passage of an electric current is termed the 
conductivity. 

The reciprocal of the resistance of a 
circuit is called the conductivity. The 
reciprocal of the specific resistance is the 
specific conductivity or conductance of a 
substance. 

Condy’s fluid. This well-known dis¬ 
infectant is a solution of sodium and 
calcium |>crnmngnnates and sometimes 
contains sodium nitrate. 

Cone and quartering. A means whereby 
large quantities of a sample are made into 
more convenient smaller quantities. A 
cone of the material is built by shovelling 
around the periphery towards the apex; 
the sample is flattened and divided into 
four along two diameters which intersect 
at right angles. Each pair of opposite 
corners is shovelled into a separate heap 
and one of them rejected. 

The process is repeated until the required 
quantity of sample, consistent with the size 
of the individual particles comprising the 
total bulk, is obtained. 

Congo corinth is a direct cotton dye 

/NH, 

C.H, N:N C 10 H S ( 

X SO,Na 

/OH 

C.H 4 N : N • C..H*/ 

X SO,Na 

(tetrazo compound) produced by combining 


the intermediate (in alkaline solution) with, 
for example, one molecule of Ncvilc and 
Winter's acid (1 : 4-naphthol-sul phonic acid). 

Congo red is a water-soluble direct cotton 
dyestuff, the sodium salt of 

Ml, 


It is prepared by the action of tetrazotised 
benzidine on naphthionic acid. It is red 
in neutral and blue in acid solution, with 
a p H range of 3 to 5. It is used as an in¬ 
dicator (0-5 % solution in 25 % alcohol). 
It has haemostatic properties and is in¬ 
jected in cases of hremorrhage from the 
kidneys and urinary tract and is used also 
for the diagnosis of amyloid disease. 

Congorubin number. As a quantitative 
measure of the protective action of a 
colloid. Wo. Ostwald has proposed the 
following as an alternative to the gold 
number. The congorubin or rubin number 
is the amount of protective colloid in grams 
which, when added to 100 c.c. of a congo¬ 
rubin sol prevents a change of colour when 
the latter is made 1G0 inillimolar with 
respect to potassium chloride. Congorubin 
was chosen as being a sol which changed 
colour noticeably on coagulation and was 
as different ns possible from gold in its 
constitution. The congorubin numbers of 
a series of hydrophobic sols arc in the same 
order as the gold numbers of the same sols. 
Sec Wo. Ostwald, Kolloid Rcihefl, 1919, 10, 
234. 

Coniferin, C„H, t O„ the glycoside of coni¬ 
feryl alcohol, 

C # H n O, • O C,H,(OMc) • CH : CH • CH.OH, 

present in fir trees, is of importance as the 
starting-point for the synthesis of vanillin 
which is formed from it by oxidation with 
chromic acid. 

Coniferyl alcohol, C, 0 H„O,. 

CH: CH CH,OH 



Crystallizes in prisms, M.P. 7Z°-74°. In¬ 
soluble in water, moderately soluble in 
alcohol, soluble in ether and in alkalis. 
It occurs to a small extent in wood and 
is a constituent of the glycoside coniferin. 
It is commercially important as it can be 


NH, 
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oxidized to vanillin. It resinifies with 
mineral acids. 

Coniine, C,H l7 N. 

CH, 

dH t CH, 

Ah. ch ch, cHj -ch, 

A colourless liquid with a penetrating 
odour, M.P. - 2°, B.P. 160°-167°. Slightly 
soluble in cold water, less soluble in hot. 
Soluble in alcohol. [oJ D + 1379 0 . One of 
the alkaloids obtained from hemlock. It 
is very poisonous. 

Conjugate base. According to T. M. 
Lowry and J. N. Bronstcd, the relationship 
between an acid and base may be expressed 
in the form : 

Ar*H‘+B 
arid proton bale 

where A is the acid and B is its conjugate 
base. From this it follows that the con¬ 
jugate base of an acid is its anion. 

Conjugate double bonds. Sec Diolefines. 

Conjugate solutions. Solutions of two 
substances in one another (e.g. phenol in 
water and water in phenol), which arc in 
equilibrium at a given temperature. 

Conradson carbon test. See Carbon 
value. 

Conservation 0! energy, law of the. It is 
a matter of human experience that in 
systems of constant mass, energy can neither 
be created nor destroyed. One form of 
energy may disappear, but another takes 
its place. Thus the energy possessed by 
a hammer may be converted into heat on 
striking a surface. Energy can be con¬ 
verted from one form to another, but it 
cannot be annihilated. Helmholtz (1847) 
enunciated this principle in the following 
form : “ In all processes occurring in an 
isolated system, the energy of the system 
remains constant." This is the law of the 
conservation of energy. In the light of 
modem beliefs, how’ever, energy and mass 
arc to some extent interconvertible. (See 
law of the conservation of matter.) 

Conservation of matter, law of. This 
law, which was understood by the Greeks, 
was first clearly formulated by Lavoisier in 
1774 ; it states that matter can neither be 
destroyed nor created. For example, in 
a chemical change, the total mass of the 
reactants is equal to the total mass of the 
products, although the form of the matter 
involved in the reaction has been altered. 
The law was carefully tested by Landolt 
(1900) and found to be true within the 
limits imposed by experimental mani¬ 


pulation, i.e. 1 part in 10,000,000, for all 
the reactions which he studied. It is 
realized to-day, however, that the emission 
of radiation may be accompanied by a loss 
of mass, equal to E/c*. where E is the 
energy of the radiation and c the velocity 
of light. E/c* is usually small compared 
with the masses of material used in ordinary 
chemical manipulation. It is probable 
that there is a conservation of mass and 
energy considered together. (See Atomic 
energy.) 

Constantan. An alloy of about 50 % 
Ni and 50 % Cu with a comparatively 
high resistance and a low resistance- 
temperature coefficient. It is used exten¬ 
sively for winding electrical resistances, but 
care must be taken not to strain the 
constantan wire as cold working has a 
marked effect on its electrical properties. 
With either copper, iron, silver, etc., it 
forms a thermocouple with a comparatively 
large E.M.F. Alloys that have similar 
properties are manganin (4 % Ni, 84 % 
Cu, 12 % Mn) and eureka. 

Constant boiling mixture. A mixture of 
two liquid components the composition of 
the vapour from which is the same ns that 
of the boiling mixture. Such mixtures 
cannot be separated by distillation. 

Constant proportions, law of. Proust 
(1799) concluded, from the analysis of a 
large number of compounds, that the pro¬ 
portion of each element present in a chemical 
compound is fixed and constant, i.e. the 
composition of a pure chemical compound 
is independent of the method by which it 
is prepared. This constitutes the law 
of constant proportions, or constant com¬ 
position. 

Continuity of state. As the temperature 
is increased towards the critical point, 
the properties of liquids and vapour become 
increasingly alike, until at the critical 
temperature they arc identical. Although 
the change liquid to vapour or vice versa is 
normally discontinuous, a gradual transi¬ 
tion is possible. Thus if carbon dioxide, 
initially at one atmosphere and 20°, is, 
isothermally compressed to 100 atmospheres 
the appearance of liquid and disappearance 
of vapour are sharply defined, i.e. the change 
vapour to liquid is discontinuous. If 
carbon dioxide is taken under the same 
initial conditions, and first heated to 40°, 
isothermally compressed to 100 atmospheres, 
and then cooled to 20° the same (liquid) 
state is reached as before, but no discon¬ 
tinuity can be observed. 

Continuous counter-current decantation. A 
method employed in the continuous washing 
I of finely divided solids to free them from 
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impurities. Usually carried out in a scries 
of continuous thickeners, the solids to be 
washed passing through them in scries und 
being diluted after each settling by a weaker 
solution flowing in the reverse direction. 

Continuous spectrum. The occurrence of 
well-defined lines (sec Line spectrum), or 
of bands (sec Band spectrum), consisting 
of well-defined lines, is explained on the 
quantum hypothesis by the assumption that 
electronic, vibrational, and rotational energy 
changes in a molecule can only occur in 
definite steps, each step corresponding with 
an integral number of energy units (quanta). 
Certain changes, e.g. the dissociation of a 
molecule, arc not quantised processes. 
Hence, if light is emitted during the occur¬ 
rence of such u process, its frequency no 
longer has definite values, but may take 
any value over a continuous range of 
frequencies. The spectrum of such a 
system is no longer broken into discrete 
lines or bands, but appears to be continuous. 
A continuous spectrum is characteristic of 
an unquantized process, such ns dissociation. 

Continuous thickeners. Machines em¬ 
ployed for the continuous thickening of a 
suspension. These full into two classes, 
non-mechanical thickeners such as the Allen 
and Cullow cones, in which the sludge is 
formed solely by the natural sedimentation 
of the particles, and mechanical thickeners, 
such as the Dorr and Hardingc models, in 
which the sludge is further consolidated by 
mechanical means. 

Convergence frequency. Sec Conver- 
gency limit. 

Convergency limit. The lines in a spec¬ 
trum represented by a given series (e.g. the 
Bnlmer Series, q.v.) become closer and 
closer together as the wave-length of the 
lines becomes shorter, and eventually 
approach a limit, known as the convergency 
limit, which may be expressed as a fre¬ 
quency, or wave-number, the convergence 
frequency. 

Converting is the term applied in metal¬ 
lurgy to an oxidation process carried out 
on a molten charge in a vessel termed a 
converter. The oxidation is effected by 
blowing air through the molten charge 
which is kept molten by the heat of oxida¬ 
tion, no fuel being used. 

Convolvulin, C„H„0„ is one of the 
glycosides of jalap root. It has M.P. 187°, 
(aJ D —35*3°, and is hydrolysed to glucose 
(4 mols.), rhamnosc (2 mols.), and convol- 
vulinolic acid wliich is 3: 12-dihydroxy- 
hexadecanoic acid. The roots of several 
species of the convolvulacere family have 
long been used as purgatives. See Jalapin 
and Pharbitin 


Cooke, Josiah Parsons (1827-1804). Cooke 
was bom at Boston, Massachusetts, and 
educated at Harvard, where he later (1850) 
became Krving professor of chemistry and 
mineralogy. He wrote numerous books, 
and among his many investigations, which 
are mainly inineralogicul in character, his 
determination of the atomic weight of 
antimony is notable, while his theory of 
the numerical relation between the atomic 
weights was a precursor of the periodic 
system. 

Cooling tower. Sec Atmospheric, and 
Forced draught cooling towers. 

Co-ordinate link. In addition to the 
electro valent and covalent links (7.0.), a 
third type of linkage, very similar to the 
covalent link, may be formed. This 
linkage is the result of the sharing of two 
electrons from one atom by another atom. 
Thus ammonia, which may be written 

"ii " * mS a * >U ' r e * cctrons arc 

not shared by the hydrogen atoms, called 
a lone-pair. When a molecule of hydrogen 
chloride approaches a molecule of ammonia, 
this pair of electrons can be shnred by the 
hydrogen atom in the hydrogen chloride 
(to yield ammonium chloride), for this 
hydrogen atom has almost lost its share of 
its own electron to the chlorine atom in 
forming the clcctrovalent link : 

H II 

H : N : + H : Cl -*■ H : N : H : Cl 

H ii 

Such a bond, formed by two electrons from 
one atom, is termed a co-ordinate link. 
The atom yielding the lone-pair of electrons 
is colled the donor: the atom capable of 
accepting these electrons is the acceptor, 
Such links, when once formed, arc clearly 
identical with co-valcnt links. The donation 
of two shared electrons by one atom usually 
upsets the electrical symmetry of the 
molecule, to which the bond imparts a 
“ dipole moment ” (7.0.). Co-ordinate links 
are of wide occurrence in inorganic com¬ 
pounds, and enter into the constitution of 
hydrates, ammines, and complex salts. 

Co-ordination. A term applied to the 
arrangement of several ions about another 
or others. Thus one hydrogen ion linking 
two oxygen ions has a co-ordination of 2. 
In sodium chloride each Na ion is surrounded 
by 6 Cl ions at the corners of a regular 
octahedron, and each Cl ion is similarly 
surrounded by six Na ions; hence the 
NaCl structure has a six-fold co-ordination. 
In CaF, each Ca ion is surrounded by 
eight F ions at the comers of a cube and 
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each F ion by four Ca ions at the comers 
of a tetrahedron so that the CaF, structure 
has an 8 : 4 co-ordination. 

Co-ordination compound. A compound 
containing a co-ordinate link or links is 
termed a co-ordination compound. Sec 
Valency. 

Co-ordination number. The number of 
groups or ions immediately surrounding 
any given molecule or ion in a crystal. 

Copaiba is an olco-resin obtained from the 
trunk of various species of Copaifera, trees 
growing in the north of South America. It 
is frequently called “ balsam of copaiba,” 
but as it contains no balsamic acids, it is 
not a balsam. According to its source, it 
contains from 40 % to 70 % of volatile 
oil, but its medicinal properties are con¬ 
sidered to be due to the resinous portion. 
Copaiba has untiseptic properties, and is 
administered for inflammation of the genito¬ 
urinary tract in gonorrhoea. It is usually 
given in gelatine capsules or as an emulsion. 

Copper, Cu. At. no. 20, At. wt. 03-54. 
D»» 8-8004, M.P. 1083*, B.P. 2310°. Crys¬ 
tallizes in the cubic system with the facc- 
ccntrcd cubic structure, a ■■ 3-607 A. at 
18° C., the interatomic distance Cu—Cu 
being 2-551 A. This metal has been known 
from very early times ; specimens of east 
copper from Egypt and Babylonia dating 
back to c. 4000 n.c. hnvc been discovered. 
It appears later, alloyed with tin, in bronze ; 
bronze working was practised in Egypt as 
early as 2500 n.c. 

Native copper occurs in masses and in 
veins traversing sandstone in Sweden, the 
Ural Mountains, and in large quantities in 
the vicinity of Lake Superior. It usually 
contains small quantities of silver, bismuth, 
and lead. Cuprous oxide, Cu t O, occurs as 
cuprite; cupric oxide, CuO, occurs in 
smaller amounts as tenorite or melaconitc. 
The minerals malachite, CuCO„ Cu(OH), 
(bright green), and azuritc, 2CuCO„ 
Cu(OH), (bright blue) are found in the 
Urals, and are used in works of art. In 
combination with sulphur copper is widely 
distributed, although in relatively small 
amounts, in the forms of chalcocite, 
Cu a S, and covellite, CuS. The commonest 
ores are copper pyrites or chalcopyrite, 
CuFeS,, and erubescitc (or bornite), 
Cu,FeS s . These two latter minerals and 
the native copper from Lake Superior 
are the principal sources of the world’s 
copper. 

Pure copper is very malleable and 
ductile; it can be rolled into sheets, 
hammered into thin leaves, and drawn into 
wire. The metal may be spun on a lathe 
in the production of seamless vessels. 


Small quantities of impurities reduce the 
malleability of the metal. In air copper 
rapidly tarnishes, becoming covered with 
a very thin adherent film of oxide or 
sulphide. This causes the bright rose 
colour of the metal to deepen to brown. 
Prolonged exposure to moisture and air 
produces a green film of basic sulphate 
(verdigris). On heating in air, the metal is 
readily oxidized and the product forms 
scales which are black on the outside, due 
to cupric oxide, CuO, but red on the side in 
contact with the metal, due to cuprous 
oxide, Cu,0. The metal is only slowly 
attacked by dilute acids, reaction being 
facilitated by the presence of air. Con¬ 
centrated acids attack the metal vigorously. 

English or Welsh method for pyritic 
ores. The ores are first roasted so as to 
expel arsenic, antimony, etc., and to 
oxidize the iron without changing the 
copper sulphide. The ore is then fused 
and silica added which forms a slag with 
the iron, the ore at the same time evolving 
sulphur dioxide. The slag separates and 
the “coarse metal” is run off into water, 
becoming granulated. The “ coarse metal ” 
containing some 40 % copper is again 
roasted to oxidize any remaining iron 
sulphide. The next step is addition of 
silica as before. This is the fourth stage, 
and the slags from the next two processes 
arc added to this one. This gives a matte 
(fine metal) containing 00 %-80 % copper. 
The “ fine metal ” is now treated so that 
some of it is oxidized from the sulphide 
to cuprous and cupric oxides. The air is 
then shut off so that the oxides formed 
reduce the remaining sulphide giving 
metallic copper. This is known as “ blister ” 
copper and contains some 98 % Cu, the slag 
remaining containing up to 20 %. The 
“blister” copper is subjected to a final 
roasting, being kept slagged by stirring 
with poles of green wood. The final product 
is “ tough pitch ” copper. 

Matte smelting, Bessemerizing, etc. The 
ore is treated in a blast furnuce to oxidize 
the iron which is slagged off. The copper, 
essentially as sulphide, is then, after re- 
melting, run into a Bessemer converter, 
where the air blast, suitably controlled, 
gives a copper that is spongy owing to 
sulphur dioxide bubbles, the reactions 
being similar to the last two in the English 
method. 

Wet Process. This is used to extract 
copper from the spent pyrites from sul¬ 
phuric acid plants. The spent pyrites is cal¬ 
cined with sodium chloride giving copper 
chloride, which is dissolved out. The 
copper is recovered from the solution by 
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precipitating with scrap iron, or electro- 
lyticallv. 

In the production of pure copper for 
electrical or other high grade work where 
high purity is essential, the copper is refined 
by electrolysis using crude copper plates 
as anodes in a copper sulphate bath. 

Copper has a high electrical conductivity, 
can be easily worked, and is used in chem¬ 
ical plant and in the food industries, but 
has been replnced in many cases by alumin¬ 
ium and stainless steel. It is a constituent 
of a large number of alloys such as brasses, 
bronzes, etc. When small amounts arc 
added to cast iron it greatly increases the 
fluidity of the metal, thus simplifying the 
casting of large and intricate units. 

Copperas. Sec Iron sulphates. 

Copper carbonates. Cupric carbonates. 
Only basic copper carbonates are known. 
The most important are the minerals 
malachite, CuCO„ Cu(OH)„ and azurite, 
2 CuCO,, Cu(OlI),. The addition of sodium 
carbonate solution to a cupric salt solution 
gives a light blue precipitate of the com¬ 
position 13CuO, 5CO„ 0 411,0, or a mixture 
of carbonate and bicarbonate precipitates, 
2CuCO„ 5Cu(OH)„ which, on standing, 
gives crystalline CuCO„ Cu(OH) |t »/,H.O. 

Copper chlorides. Cupric chloride, CuCI,. 
The anhydrous salt is obtained by heating 
copper in excess of chlorine, or by heating 
the hydrate in a current of hydrochloric 
acid gas at 150 s . Prepared by these 
methods, it is a dark brown material; a 
yellow form is obtained by dehydrating the 
dihydrate, CuCI,, 211,0, with concentrated 
sulphuric acid. The hydrate is obtained in 
emerald green crystals by the evaporation of 
a solution of cupric oxide dissolved in con¬ 
centrated hydrochloric acid. Only very 
dilute solutions exhibit the blue colour of 
the cupric, Cu *\ ion. Concentrated solu¬ 
tions arc green, or in the presence of excess 
hydrochloric acid yellow. This is due to 
a reversal of ionization, the colour of the 
undissociatcd salt being yellow, although 
the concentrated solution and the solution 
in hydrochloric acid may contain CuCI^ 
ions. 

Cuprous chloride, Cu,CI,. Cuprous 
chloride is formed, as a brown mass, by 
burning copper in a limited supply of 
chlorine. It is most easily obtained by 
dissolving cuprous oxide in concentrated 
hydrochloric acid, and precipitating the 
cuprous chloride by dilution with water. 
It is a white powder, M.P. 425°, giving the 
brown form on cooling. It may be obtained 
in white tetrahedra by crystallization from 
concentrated hydrochloric acid. The crys¬ 
tals, like those of cuprous bromide and 
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iodide, have the zinc-blende structure ( q.v .). 
In moist air it forms cupric oxychloride, 
CuCI,. 3Cu(OII)„ 11,0. It is soluble in 
ammonia, ami in the complete absence of 
air a colourless solution of cuprainmine 
chloride, Cii(NH,)CI, 11,0, is formed. The 
colourless solutions in hydrochloric acid and 
ammonia readily absorb oxygen, cupric salts 
being formed, carbon monoxide with forma¬ 
tion of the unstable compound 

CuCICO, 211,0, 

and acetylene with the formation of a red 
precipitate of cuprous acetylidc, Cu,C,. 

Copper compounds. Two series of com¬ 
pounds are known, corresponding to the 
uni- and divalent states. The cupric com¬ 
pounds (divalent) arc the more stable, and 
include all the common salts. The cuprous 
compounds arc easily oxidized to the cupric 
state, in many cases even by exposure to 
the air. The cupric ion Cu* * imparts a blue 
to green colour to the aqueous snlt solutions, 
whereas the cuprous ion Cu* is colourless. 

Copper cyanide, Cuprous cyanide, CuCN. 
The addition of potassium cyanide solution 
to one of cupric sulphate givgs a yellow 
precipitate of cupric cyanide. This rapidly 
decomposes with the evolution of cyanogen 
and the formation of white cuprous cyanide, 
CuCN. It is soluble in potassium cyanide, 
forming a colourless solution of potassium 
cuprocyanidc, K,Cu(CN) 4 . Solutions of 
this contain only traces of the cuprous ion, 
Cu*. the copper being contained in the 
complex anion Cu(CN) 4 —. 

Copper glance, Cu,S. An orthorhombic 
mineral with pseudo-hexagonal symmetry; 
a : 6 : c = 0 582 : 1 : 0 070. Hardness 2$, 
sp. gr. 5-7. It is grey, with a metallic 
lustre. 

Copper halides, Cupric halides, CuX,. 
All four halides are known. Those of 
fluorine, chlorine, and bromine may be 
obtained from the elements. The iodide is 
very unstable and is unknown in the solid 
state. Solutions of the chloride and bromide 
contain high concentrations of un-ionized 
molecules, and only exhibit the blue of the 
cupric ion, Cu**, in very dUutc solutions. 

Copper hydride, Cuprous hydride, CuH. 
An unstable brownish-yellow precipitate 
obtained by reducing a copper sulphate 
solution, containing a little sulphuric acid, 
with a hypophosphite at 70°. It evolves 
hydrogen with concentrated hydrochloric 
acid. 

Copper hydroxide, Cupric hydroxide, 
Cu(OH),. Crystalline Cu(OH), may be 
prepared by adding ammonia to a boiling 
solution of copper sulphate until the green 
precipitate becomes blue. The precipitate 
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is well washed, and digested with moder¬ 
ately concentrated caustic soda at 20°-40°, 
and Anally filtered, washed, and dried. 
The precipitate obtained by adding caustic 
alkali to a cupric salt solution is a basic salt, 
e.g. CuS0 4 , 3Cu(OH) t . On boiling this 
blue hydroxide, it is converted to black 
4CuO, H t O. 

Copper iodide, Cuprous iodide. The stable 
iodide of copper. It is formed, as a white 
precipitate, by the addition of potassium 
iodide solution to one of copper sulphate. 
The reaction is quantitative, and the iodine, 
from the cupric iodide first formed, may 
be titrated against standard sodium thio¬ 
sulphate solution. 

Copper nitrate. Cupric nitrate, Cu(NO,),. 
Formed by dissolving the metal, oxide, or 
carbonate in dilute nitric acid ; on evapora¬ 
tion blue, deliquescent, prismatic crystals 
of the trihydratc, Cu(NO,)„ 3H,0 are 
produced. At 24-5° a hexahydrate separates 
from the aqueous solution. On heating, the 
salt loses water and nitric acid, forming a 
basic salt, Cu(NO,) a , 3Cu(OH),. Continued 
heating gives the oxide. 

Copper oxides, Cupric oxide, CuO. This 
is formed by the prolonged heating of the 
metal in air or oxygen, or by ignition 
of the nitrate. It is a black solid, stable 
up to its melting-point (c. 1150°), 
but then evolves oxygen and 
leaves a solution of cuprous oxide 
in copper. It is readily reduced 
by hydrogen, carbon, or organic 
substances to the metal. The 
oxide is soluble in dilute acids, 
blue solutions of cupric salts 
being formed. With concentrated 
hydrochloric acid a yellow solu¬ 
tion of cupric chloride is pro¬ 
duced. 

Cuprous oxide, Cu a O. Red 
cuprous oxide, Cu t O, is pre¬ 
cipitated by the partial reduction 
of alkaline cupric salt solutions. 

On treatment with sulphuric acid, cupric 
sulphate is formed, accompanied by metallic 
copper. The solution in concentrated hy¬ 
drochloric acid contains cuprous chloride, 
Cu t Cl t , or the acid, HCu,Cl s . This solution 
is used in gas analysis for the absorption of 
carbon monoxide. The colourless solution 
of cuprous chloride in ammonia is used for 
the absorption of acetylene. The oxide is 
used to some extent in the production of 
a cheap ruby glass. 

Copper pyrites. See Chalcopyrite. 

Copper sulphate, Cupric sulphate, CuS0 4 . 
The commonest cupric salt, usually known 
as copper sulphate. Crystallizes from water 
in blue triclinic crystals of the pentahydrate, 
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CuS0 4 , 5H t O, called blue vitriol or blue- 
stone. Obtained by dissolving cupric oxide 
in dilute sulphuric acid or the metal in 
hot concentrated acid. Is also produced 
in the weathering of copper pyrites. 
Several hydrates are known ; on exposure 
to air the pentahydrate eflloresces to a pale 
blue powder of the trihydratc CuS0 4 , 
3H,0. At 100° the monohydratc is formed. 
On heating to 200° most of the water is 
expelled ; a small amount remains even up 
to the decomposition temperature (730°). 
The product formed by dehydration at 
260° is used in the detection of traces of 
moisture. 

Copper sulphide, Cupric sulphide, CuS. A 
black solid obtained by heating copper 
powder with excess of flowers of sulphur at 
a temperature below 440°, or by precipitat¬ 
ing a solution of a cupric salt with hydrogen 
sulphide. In the moist state it is rapidly 
oxidized by air to the sulphate. It is 
slightly soluble in yellow ammonium 
sulphide, and a red compound, NH 4 CuS 4 , 
may be obtained from the solution. Cupric 
sulphide is less stable than cuprous sulphide, 
and loses sulphur when gently heated alone 
or in hydrogen. 

Coproporphyrin. See Porphyrins. 

Coprosterol, Coprostanol, C„H 4t O. 
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Crystallizes in long needles from methyl 
alcohol, M.P. 101°-102°. Soluble in organic 
solvents, insoluble in water. [a]“ + 23-55° 
in chloroform. It is the sterol found in 
farces, being formed by the action of the 
intestinal bacteria on cholesterol. 

Coramine. A trade name for a brand of 
nikethamide. 

Cordite. A propellant explosive which 
usually contains 65 % of guncotton, 30 % 
of nitroglycerine, and 5 % of a paraffin 
jelly. The constituents are thoroughly 
mixed with acetone, which slowly dissolves 
the nitro-compounds and incorporates them 
with the jelly. The resulting "cordite 
dough ” is extruded into cords of various 
sizes, and most of the acetone driven off 
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M.P. 180’-182°. (a]“ + 223° in alcohol. 


by drying at 40° or less. In an alternative 
process (giving “cordite R.D.B.,” the 
above being “cordite M.D”) an ether- 
alcohol mixture is used instead of acetone, 
with a soluble nitrocellulose in place of 
guncotton ; cordite R.D.B. contains 52 % 
of nitrocellulose, 42 % of nitroglycerine, 
and 0 % of jelly. 

Coriander is the dried ripe fruits of 
Coriandrum sativum, a herb growing through¬ 
out Europe. It is a carminative, and is 
added to purgatives to counteract their 
griping action. The medicinal properties 
lie in the volatile oil—oil of coriander— 
which it contains. 

Corrosion. In general, most of the metals 
in use at the present day nre obtained from 
ores in which the metal is in the form of 
its compounds. Consequently when these 
metals nre exposed to the action of natural 
chemical agencies they tend to revert to 
compounds; such a process is termed 
corrosion. There arc two main types— 
corrosion by the atmosphere and corrosion 
by liquids or moist solids. The latter may 
be subdivided into further groups, ( a) cor¬ 
rosion with hydrogen evolution, c.g. 
2M d- 2nH* -* 2.M"* + nil,, (6) corrosion 
in which hydrogen is not evolved but 
reacts with a depolarizer, usually dissolved 
oxygen, and (c) corrosion due to non- 
uniform distribution of oxygen in the liquid. 
Much work has been carried out on these 
topics and it is generally considered that in 
the latter type at least, the corrosion is 
mainly, if not entirely, due to the action of 
a number of short-circuited voltaic cells 
(local elements). Various means arc used 
to combat corrosion, the chief of which arc 
(n) treatment of the liquid to render it less 
reactive or to make the metal passive, 
(6) covering the metal with a thin protective 
lilm of another metal, paint, enamel, etc. 
and (c) cathodic polarization of the metal. 

Corrosive sublimate. Sec Mercury 
chlorides. 

Corticosterone. A crystalline compound 
isolated from the suprarenal cortex and 

COCH.OH 

HO CH, CH, CH 

Y 

CH, CH, CH CH-CH, 

ciCNKX/ 

J 1 k 

</w 

believed to be the true hormone (see Cortin). 


It is closely related to the sterols in structure 
and Steiger and Reichstein ( at tire , 1038, 
141, 202) tentatively propose the above 
formula. 

Cortin. The hormone secreted by the 
suprarenal cortex. It is obtained as an 
aqueous solution by extraction with alcohol 
and subsequent purification. Several crys¬ 
talline substances have been isolated from 
this extract, one of which, corticosterone, is 
believed to be the true hormone, which is 
still generally spoken of as cortin. Cortin 
is essential for life. Shortage of it causes 
a derangement of the potassium metabolism 
of the body. It is a specific remedy in 
cases of Addison's disease. 

Corundum, Al,0„ is a crystalline variety 
of alumina. Three varieties of this mineral 
arc known: ruby, sapphire, and emery. 
The first two of these have been known for 
many centuries. Good crystuls arc found 
in Ceylon, Burma, Switzerland, Montana, 
India, and elsewhere. The crystuls are 
hexagonal, a - 85° 40', a : c = 1 : 1-303. 
Hardness 9, sp. gr. 3-0-4-1. Corundum is 
usually blue, with a vitreous lustre; it is 
dichroic with a strong refraction. The 
blue varieties arc known us sapphires, the 
red varieties as rubies. Artificial rubies 
may be made by fusing together alumina, 
potassium carbonate, calcium fluoride, nnd 
a little potassium chromate to give the red 
colour; they may also be made by fusing 
alumina with a little chromic oxide. The 
commonest variety of crystal is the bi- 
pyramid (131). 

Emery is an impure corundum mixed 
with magnetite and hematite. Corundum 
is one of the most refractory materials 
known ; its melting-point exceeds 1050° C. 
It is non-magnetic, and a very poor con¬ 
ductor of electricity. Articles, such as 
crucibles, made of corundum, arc highly 
resistant to corrosion at high temperatures, 
and are very insensitive to sudden changes 
in temperature. 

Cosmic radiation. Certain radiations, 
always present in the earth's atmosphere, 
are called cosmic rays or ultra-radiation. 
They are possessed of extraordinary pene¬ 
trating power, and great energy. They 
may consist of very high velocity protons 
and electrons, which arc the result of violent 
atomic disintegration, c.g. the annihilation 
of hydrogen and helium atoms. 

Coster, Dirk. Coster is professor of physics 
and meteorology at the University of 
GrOningen. He is the author of many papers 
on X-rays and atomic structure. With von 
Hevesy he discovered the element hafnium. 
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Cotarnine, C|,H,j0 4 N. 



H, . CH, . NH . CH, 
HO 


or 



CH,0 Cl 


HOH 


Cotamine is tautomeric and can react 
according to either formula. It exists as 
colourless needles, M.P. 132 0 -133°, with 
decomposition. Sparingly soluble in water, 
soluble in alcohol. It is an oxidation 
product of narcoline. It is used medi¬ 
cinally chiefly as its hydrochloride or 
phthalate as a styptic for checking uterine 
hemorrhage. 

Cottrell, Frederick Gardner (1877- ). 

Cottrell was born at Oakland, California, 
and was educated at the Universities of 
California and Leipzig. After an academic 
career he joined the Bureau of Mines in 
1911, becoming director in 1920. From 
1922 to 1930 he was in charge of investiga¬ 
tions on fixed nitrogen for the U.S. Govern¬ 
ment, and since 1930 has been a consulting 
chemist. His researches on the precipita¬ 
tion of particles from gases, the lique¬ 
faction of gases, and the recovery of helium 
gained him the Perkin (1019) and Willard 
Gibbs Medals (1920). 

Cottrell-Moller precipitator. Sec Electro¬ 
static precipitator. 

Cottrell precipitator. Sec Electrostatic 
precipitator. 

Coumarin, C,H,0,. Colourless rhombic 
crystals, M.P. 70°, B.P. 

290°. Insoluble in cold 
water, soluble in hot water, 
alcohol, ether, and hydro¬ 
carbon solvents. 

Occurs in the Tonka bean, 
of which it is the odorous in¬ 
gredient. Prepared synthetically by heating 
salicylic aldehyde with acetic anhydride and 
sodium acetate. It is the anhydride of 
coumaric acid to which it can be converted 
by hydrolysis with caustic alkali. 

It is largely used in perfumery. 

Coumarin glycosides are widely distri¬ 
buted in plants. The 5 

aglucones consist of hy- ay /\ 
droxy coumarins contain- | : 9** 

ing 1, 2, or 3 hydroxyls 
or their methyl ethers. 

The best known are 8 

skimmin, ssculin, daphnin, scopolin, fabia- 


CH 



H 


U-Z-Lo 


trin, and fraxin. In each instance the sugar 
is glucose attached at positions 0, 7, or 8. 
In scopolin there is a disaccharide. 

Coumarone. See Bcnzfuran. 

Coumarone and Indene resins. These 
are usually prepared from coal-tar naphtha 
of boiling range 150°-200®. Tar acids and 
bases arc first removed from the naphtha, 
which is then treated with a small amount 
of strong sulphuric acid to polymerize the 
coumarone, indene, and other similar un¬ 
saturated substances. The resinous layer 
so produced is then separated and purified. 
According to the conditions of extraction 
these resins may have melting-points from 
50°-150\ They are usually brittle, 
brownish-yellow' resins soluble in aromatic 
hydrocarbons. They are used chiefly in 
varnishes, rubber, and chewing gum. 

Couper, Archibald Scott (1831-1892). Bom 
near Glasgow, Couper studied classics at 
Glasgow and Edinburgh Universities. Ilis 
studies in chemistry, undertaken later in 
Berlin and Edinburgh, were interrupted by 
ill-health. Coupcr’s great contribution to 
science, his theory of molecular structure, 
was essentially the same as that of Kekuld 
but was. through an unfortunate delay, not 
made public until a month after Kckul£ had 
announced his theory. 

Courtois, Bernard, was born in 1777 at 
Dijon; at the age of eighteen lie entered 
the pharmacy of Fr*my at Auxcrrc, and 
he afterwards studied chemistry under 
Fourcroy, Thenard, and Stfguin. He re¬ 
turned to Dijon in 1804, and was busy with 
the manufacture of saltpetre and soda. He 
discovered iodine in 1812; its application 
to medicine was due to Dr. Coindet of 
Geneva. He died in 1838. Sec Chem. and 
Ind., 1931, p. 310. 

Covalency maximum. The valency condi¬ 
tions in the majority of compounds can be 
explained on the assumption that the outer 
orbit of electrons in an atom tends to become 
an octet. In heavier elements especially, it 
sometimes appears that the outer orbit 
must be able to expand beyond 8 electrons. 
The maximum number of electrons which 
can be accommodated in the valency orbit 
of an atom varies with the weight of the 
atom as follows: hydrogen, 4 ; lithium to 
fluorine, 8; sodium to yttrium, 12; *ir? 
conium to uranium, 10. The maximum 
number of covalencics which the elements 
in these groups can exert is thus 2, 4, 6, 
and 8 respectively. These are the co¬ 
valency maxima of these elements. 

Covalent link. Valency linkages are 
generally ascribed to the sharing of one 
electron from an atom A with one electron 
from an atom B, giving A : B. When the 
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electrons are shared more or less equally, the 
resulting bond is called a covalent link, 
linkage, or bond, to distinguish it from the 
electrovalent link, in which the electrons arc 
not equally shared. In these cases the 
atom, having the greater share of the valency 
electrons, carries a negative charge; the 
other atom a corresponding positive charge, 
so that the molecule behaves like a charged 
body, and hence the linkage is called 
electrovalent. Covalent links are common 
to the elements in the middle groups of 
the Periodic system. Such linkages do 
not generally break to form ions, e.g. those 
in methane, CH 4 . Electrovalent links 
readily break to yield ions, e.g. 

HC1 - H* + C1-, 

and are usually formed by those elements 
with strongly metallic properties, such as 
the alkali metals lithium, sodium, etc., 
and those with strongly non-metallic 
character like the halogens fluorine, chlo¬ 
rine, bromine, and iodine. 

Covalent radius. The equilibrium dis¬ 
tance between two atoms joined by a 
covalent bond of a given type (i.e. single, 
double, or triple) is found to be constant 
within close limits. The distance C—C in 
diamond, for example, is 1 54 A. and the 
same distance is found in normal and cyclic 
saturated hydrocarbons. In general an 
interatomic distance A—B is the arith¬ 
metic mean of the values A—A and B—B, 
and a set of covalent radii may be drawn 
up such that the sum of any two gives the 
distance between the corresponding atoms 
for covalent binding. These values are half 
the interatomic distances in the elements 
except for very electronegative elements 
(e.g. fluorine). For double and triple bonds 
the values must be reduced by factors which 
vary for the different rows in the Periodic 
Table. For the first row in the Tabic the 
reduction factors arc 0 87 and 0-78 for 
double and triple bonds respectively. 
These covalent radii apply when the 
clement is forming 8—N bonds, N being the 
number of the Periodic Group to which the 
element belongs (i.e. 4 for C, 5 for N, etc.), 
and arc consequently only of value for the 
fourth, fifth, sixth, and seventh groups. 
Another set of values, the “ tetrahedral ,f 
radii, are of more practical use and are 
derived from observed interatomic distances 
in crystals in which the particular atom is 
covalently bound to four tetrahedral neigh¬ 
bours. " Octahedral ” radii are derived in 
a similar way. 

Co-zymase. See Co-enzymes. 

Cracking. The thermal decomposition of 
a petroleum fraction into substances of 


lower average molecular weight, frequently 
accompanied by a rearrangement of the 
internal structure of the molecule. The 
molecules so formed are to a large extent 
unsaturated, and a certain degree of poly¬ 
merization accordingly occurs leading to 
the formation of a high-molecular residue. 

Cracking may be carried out in the liquid 
phase, as in the Dubbs process, or in the 
vapour phase, as in the Gyro and T.V.P. 
processes. 

Cream 0! tartar. See Potassium hydrogen 
tartrate. 

Creatine, Methylguanidineacetic acid, 

C.H.O.N,. 


,NH, 

“*-<L 


N—CH, • COOI1 

in. 


Crystallizes in prisms with one molecule of 
water, which it loses at 100°. It decom¬ 
poses at 201*. Sparingly soluble in cold 
water and alcohol, more soluble in hot 
water. Creatine is present in the muscles 
of all vertebrates; in mammals and birds 
there arc about 450 mg. of creatine per 
gram of muscle, in reptiles and amphib¬ 
ians rather less. It plays an important 
part in the cycle of chemical changes 
involving muscular contraction; phos- 
phagtn, a creatine phosphoric acid ester, 
breaks down to creatine and phosphoric 
acid, which recombine during the recovery 
process. It is excreted in the urine of 
children, and spasmodically by women, par¬ 
ticularly after pregnancy. It is also ex¬ 
creted during starvation, in certain fevers, 
and in general whenever muscular break¬ 
down is occurring. Normally creatinine is 
the form in which creatine is excreted. 
The origin of creatine in the body is still 
obscure. It has been suggested that it is 
formed from the amino-acid arginine, but 
later experiments tend to disprove this. 
See “ Creatine and Creatinine,” by Hunter, 
and Annual Review of Biochemistry, 1933, 
p. 187 ; 1935, p. 243. 

Creatine phosphate. See Phosphagen. 

Creatinine, Methylglycocyamidine, 


C 4 H 7 ON,. 


,NH—CO 


"“di,., 

<-H s 


Crystallizes in prisms with two molecules 
of water. M.P. 260°, with decomposition. 
Soluble in water and sparingly soluble in 



Creosote 

alcohol. Creatinine ia the internal anhy¬ 
dride of creating, and is formed from 
creatine by heating an acid solution of it. 
In alkaline solution the reverse change 
occurs. It is found in the urine, about 1 
to 2 grams being excreted daily by an 
adult man or woman, and the amount is 
remarkably constant, the actual quantity 
being roughly proportional to the body 
muscular tissue. This constancy shows 
that it is a breakdown product of the body 
tissues and not of foodstuffs. It is now 
generally accepted that creatinine is the 
form in which creatine is excreted, although 
extra creatine has to be fed for a very long 
period before an equivalent rise in the 
creatinine excreted occurs. It is easily 
detected and estimated by the orange 
colour it gives with sodium hydroxide and 
picric acid. See “ Creatine and Creatinine,” 
by Hunter, and Annual Review of Bio¬ 
chemistry, 1033, p. 187; 1035, p. 243. 

Creosote. Coal-tar creosote (creosote oil) 
is a fraction obtained in tar distillation 
that distils between 200° and 280°. It 
has a characteristic odour and contains a 
mixture of hydrocarbons, phenols, and 
other benzenoid derivatives. It is used for 
the preservation of timber for softening 
pitch, and as a fuel. 

Medicinal creosote is a mixture of phenols, 
chiefly guaiacol and creosol (4-methyl-2 
mcthoxyphenol), obtained by distillation 
of wood-tar. It has sp. gr. 1 037-1 087, 
B.P. 205°-225°, is almost colourless with a 
characteristic odour, and is a strong anti¬ 
septic, less toxic than phenol. It is used 
as an inhalcnt, an expectorant, and a 
gastro-intestinal antiseptic. 

Cresol red, o-crcsolsulphonphthalein. One 
of the sulphonphthalein group of indicators. 
It is used in 0 04 % aqueous solution to 
which is added 5-3 c.c. of 0 05 N. sodium 
hydroxide per 01 gm. of indicator. Its 
p B range is 7-2 (yellow) to 8-8 (red). 

Cresols, C,H,0. 



o m p 


o- Cresol, M.P. 80°, B.P. 191 0 -192 o . 
m-Cresol, M.P. 11°-12°, B.P. 202°. 
p-Cresol, M.P. 34°, B.P. 202-5°. 

The cresols are colourless liquids or 
crystalline solids. They are volatile in 
steam, and are converted into toluene by 
fusion with zinc dust. 
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They occur in the coal-tar fraction B.P. 
185°-220°. 

Usually prepared from the corresponding 
sulphonic acids, by alkali, fusion, or from 
the aminotoluene by treatment with nitrous 
acid and boiling, o- and p-cresol arc used 
as end components in a few azo-dyes. 

A mixture of the cresols is used as an 
antiseptic under the name of cresylic acid. 
It has B.P. 185°-203°, and is obtained as 
a high-boiling fraction in the purification 
of phenol. It contains 40 % m-, 35 % o-, 
and 25 % of p-cresols. It is more powerful 
than phenol and less toxic. The chief 
use is in the preparation of tysol. 

Cresylic acid. See Cresols. 

Cristobalite, SiO t , a rare form of silica 
which is readily produced by heating 
quartz to a high temperature, especially 
in the presence of a catalyst such as ferric 
oxide or sodium phosphate. It occurs 
naturally as pseudo-cubic crystals, but 
the form prepared by heating quartz is 
cubic. Melting-point 1090°, sp. gr. 217- 
2-32, refractive index 1-487. There arc 
two aliotropic forms with a critical tem¬ 
perature at 170 # -240°. The crystal lattice 
contains 8 molecules in the unit cell, 
a — 7-12 A. Cristobalite is more easily 
dissolved by hydrochloric acid than any 
other form of silica. On heating with 
clinacnstatite or with sillimanitc it forms 
eutectics. When heated alone, cristobalite 
appears to be the only stable crystalline 
form of silica. 

In the low-temperature modification, the 
Si atoms are arranged in the space-luttice 
like the C atoms in a diamond, each being 
at the centre of four neighbours. The 
O atoms appear to be midway between the 
Si atoms, but their position may not be 
quite regular. The atoms are closely 
packed, but not so closely as in quartz, 
because of a different linking of the atoms ; 
hence the density is less than that of 
quartz. 

Critical humidity. This quantity is the 
humidity at which the vapour pressure at 
the surface of a solid or solution is equal 
to the partial pressure of water in the 
atmosphere. Thus at humidities above the 
critical value water will tend to be absorbed 
and below the critical value moisture will 
be lost to the atmosphere. 

Critical phenomena. The temperature 
above which it is impossible to liquefy a 
gas, no matter what pressure is applied, is 
called the critical temperature. At this 
temperature the minimum pressure neces¬ 
sary to cause liquefaction is the critical 
pressure. The volume occupied by one 
gram-molecule of the gas at the critical 
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temperature and pressure is the critical 
volume. 

Critical solution temperature. The tem¬ 
perature at which the mutual solubility 
of two phases becomes equal. In the case 
of phenol and water, for example, on mixing 
the two substances two layers arc formed, 
one of which is a solution of phenol in water 
and the other a solution of water in phenol. 
The solubility of each substance in the other 
increases with rise of temperature until, at 
the critical solution temperature, the two 
layers become identical and there is only one 
phase. This temperature is also known as 
the Consolutc temperature. 

Crocein acid, C 10 H,O 4 S. Obtained by 
sulphonating /7-naphthol with 
a small quantity of sulphuric 
acid at a low temperature. j'V'^OH 

Couples with diazotized 
bases to give valuable azo- l A. J 
dyes. Also used as a source 
of crocein yellow, a nitrated crocein acid. 

Crocetin, a-Crocetin, C 10 II l4 O 4 , 

HOOC • C : CH • CH : CH • C : CII • CH 


A carotenoid pigment occurring ns its 
glycoside, a-crocin, in saffron. M.P. 273% 
insoluble in most organic solvents. 

Crookes, Sir William (1832-1010). Crookes 
was born and educated in London ; in 1851 
he was appointed assistant to Hofmann at 
the Royal College of Chemistry. In 1850 
he published the first number of the Chemical 
News, of which he remained sole editor 
until 1000. F.R.S. in 1803, and knighted 
in 1807, he received the O.M. in 1010. 
Noted for his researches in spectroscopy 
and radioactivity, Crookes invented the 
radiometer, the spinthariscope, and a 
special glass largely opaque to heat rays and 
to ultra-violet light. He discovered the 
element thallium in 1801. See “Life of 
Sir William Crookes,” by Fournier d*Albc 
(1023). 

Crookes’s dark space. Sec Glow discharge. 

Cross, Charles Frederick (1855-1035). Born 
at Brentford, Cross was educated at King's 
College, London, and later studied at Zurich 
and Owens College, Manchester. An English 
consulting chemist, he made a world-wide 
reputation among pulp and paper makers. 
With E. J. Be van he discovered, in 1802, 
viscose which made possible the artificial 
silk industry. In 1016 Cross was awarded 
the Society’s Medal of the Society of 
Chemical Industry-, and in the following 
year was elected F.R.S. See J. Chem. Soc., 
1035, p. 1337. 

Crossley, Arthur William (1800-1027). 
Born at Bentcliffe, Lancashire, Crossley 


was educated at Manchester, Wurzburg, 
and Berlin. In 1001 he was appointed 
professor of chemistry at the School of 
Pharmacy, and in 1014 became professor 
of organic chemistry in King's College, 
Ix>ndon. During the war he was secretary 
of the Scientific and Commercial Advisory 
Committees and then Commanding Officer 
at the Porton Experimental Station. In 
1018 he was appointed Daniel! Professor 
of Chemistry and Director of the Chemical 
Laboratories in King's College, but left 
in 1020 to become Director of the British 
Cotton Industry Research Association. 
Crossley was a Fellow of the Royal Society, 
and Longstaff Medallist (1018) and President 
(1025-26) of the Chemical Society. 

Crotonaldehyde, C 4 II 4 0, 

CH, CH : CH CHO, 

is a colourless liquid with a pungent odour; 
its vapour is lachrymatory. D“ 0-8575, 
B.P. 10-1°. Moderately soluble in water; 
volatile in steam ; miscible with alcohol, 

CH • CH : C CII: CH • CH : C • COOH 

I'M, in, 

acetone, and etfier. Manufactured by heat¬ 
ing aldol in an inert atmosphere (nitrogen 
or carbon dioxide). Mny be oxidized to 
crotonic acid and reduced to crotonyl al¬ 
cohol ; oxidized by oxygen to maleic an¬ 
hydride in presence of vanadium pentoxide. 
It is an intermediate in the production of 
normal butyl alcohol from acetaldehyde. 

Crotonic acids, 2-Methylacrylic acids, 
C 4 H 4 O t . The two crotonic acids are geo¬ 
metrical isomers. a-Crotonic acid, trans- 
crotonic acid, crystallizes in fine, colourless 


X 


''Coon 

needles or in large plates. M.P. 72°, B.P. 
180°. Soluble in water and hot petroleum 
ether. Prepared by the oxidation of cro- 
tonaldchyde or by heating the substance 
formed by the action of acetaldehyde on 
malonic acid. Reduced by zinc and sul¬ 
phuric acid to normal butyric acid. Oxi¬ 
dized by potassium permanganate to 
dihydroxybutyric acid. Reacts with 
chlorine to give a/J-dichlorobutyric acid, 
and with hydrogen bromide to give 
0-bromobutyric acid. Isocrotonic acid, 
^-crotonic acid, cis-crotonic acid, 

CH,„ XOOH 


X, 


crystallizes in colourless needles from 
petroleum ether. M.P. 14-5% B.P. 169°; 
74°/15 mm. Soluble in water and petroleum 
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ether. Prepared by distilling /?-hydroxy- 
glutaric acid under reduced pressure. 
Converted to a-crotonic acid by heating 
at 180°, or by the action of bromine and 
sunlight on an aqueous solution. 

Croton oil is a fixed oil obtained from the 
seeds of Croton tiglium, a plant cultivated 
in Southern Asia. It contains the glycer¬ 
ides of many fatty acids, but its active 
constituent, called croton-resin, is of un¬ 
known composition. It is a very powerful 
cathartic, a vesicant, and counter-irritant. 

Crotonyl. The name given to the group 
—COCH : CHCH, in organic compounds. 

Crotyl. The name given to the group 
—CH,CH : CHCH, in organic compounds. 
Crotyl alcohol, C 4 H g O, 

CH,CH : CHCHjOH, 

is a colourless liquid. D 0-8726, B.P. 118°. 
Soluble in water (17 %). Prepared by the 
reduction of crotonaldehyde. 

Crude benzol. The product obtained 
from coal gas by scrubbing the gas with 
wash oil. Subsequent steam distillation 
of this benzolized wash oil gives rise to the 
crude benzol, consisting mostly of aromatic 
constituents. 

Crum Brown’s rule as to substitution 
in benzene derivatives is a good working 
guide but must not be taken as universal. 
This rule states that a substance C 4 H,A 
yields the meta disubstitution product if 
the compound HA can be oxidized directly 
to HOA ; otherwise a mixture of the o- 
and p-compounds will be obtained. 

Crushing rolls. Reduction in size may 
be effected by passing the material between 
heavy rollers, one of which is rotating. 
The pressure of the free roller on the feed 
is maintained by spring loading; the space 
between the rolls may be varied to secure a 
product of the required degree of fineness. 
Since this system is unsuited to a wide 
range of size reduction at a single pass it is 
necessary to use rolls of different dimensions 
for different sizes of feed and product. 

Crutcher. An agitating device consisting 
of a helical stirring member surrounded by 
a series of vertical pipes arranged so as to 
form a radiator. This radiator is used to 
circulate cooling or heating water as re¬ 
quired and also provides the necessary shield 
for the efficient operation of the helical 
agitator. 

Cryohydric-point. The point of inter¬ 
section of the two curves showing respec¬ 
tively the effect of additions of a substance 
B on the melting-point of a second substance 
A, and the effect of additions of A on the 
melting-point of B. Since the effect of 
additions of a foreign substance is to lower 
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the melting-point, the cryohydric-point will 
be below the melting-point of either pure 
component. The cryohydric-point is also 
known as the eutectic-point. The solid 
which separates from a melt at the cryo¬ 
hydric-point is a mixture, and is known as 
the cryohydrate or eutectic. 

Cryolite, Na,AlF,. Massive cryolite occurs 
in West Greenland. It is monoclinic, a:b : c 
= 0 966 : 1 :1-388, 0=89° 49'. Hardness 2\. 
It changes into a cubic modification at 570°, 
M.P. 977°. The largest cryolite quarry is 
at Ivigtut, in Greenland ; most commercial 
cryolite is made artificially. 

Cryolite is used largely in the production 
of aluminium and as an opacifying agent for 
glass and some ceramic glazes ; it is also 
used as a flux in vitreous enamels. 

Cryptal, C 10 H„O. A ter- 
penic aldehyde found as¬ 
sociated with cuminaldchydc 
and phcllandral in various 
eucalyptus oils. It forms a 
sodium disulphide com¬ 
pound, soluble in water, by 
which means it is separated 
from the accompanying alde¬ 
hydes. It has a rather 
pungent smell and has the 
constants B.P. 98°-110°/I0 
mm., d 1 *, 0 9442, n£ 1-4830, fa] - 80-75°. 
It forms a semicarbazonc, M.P. 183°. 

Crystal. A discrete solid particle bounded 
by definite faces intersecting at definite 
angles, and showing certain symmetry 
characteristics. The external form of such 
a crystal is now known to be due to an 
ordered arrangement of atoms or molecules 
or ions within the bulk of the solid. 

Crystal drawing. Crystals arc drawn in 
a conventional projection and in a conven¬ 
tional position. In dealing with crystals 



belonging to the cubic system the a axis 
does not point to the eye of the observer, 
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but is rotated clockwise through au angle 
of 18* 26', the tangent of which is 1/3; 
the b axis is not drawn at right angles to 
the vertical c axis because the eye is sup¬ 
posed to be elevated at an angle of 9° 28', 
the tangent of which is 1 /0. The axes are 
therefore drawn as shown on page 157. 

By joining the ends of the axes the octa¬ 
hedron is obtained ; suitable lines parallel 
to the axes give a representation of the 
cube. For the modifications necessary in 
drawing crystals belonging to other systems 
see Reeks’s “ Hints for Crystal Drawing.” 

Crystal habit. A term used to denote the 
relative development of different types of 
face on crystals which arc of the same order, 
i.c. rhombic, tetrahedral, etc. 

Crystalline state. A form of the solid 
state in which there is an ordered arrange¬ 
ment of atoms or molecules or ions in the 
solid, which is characteristic of each solid, 
and inay give rise to bounding faces of the 
crystal showing a characteristic symmetry, 
and intersecting at definite angles. 

Crystallization. The removal of a solid 
from solution by increasing its concentration 
above the saturation point in such a manner 
that the excess solid separates out in the 
form of crystals. 

Crystallographic axes. See Crystal 

symmetry. 

Crystal nucleus. A minute crystal which 
serves as a centre of formation for larger 
crystals and without which these latter could 
not be formed. For example, crystalliza¬ 
tion of a supersaturated solution may be 
induced by formation of crystal nuclei 
through mechanical shock, inoculation 
with dust, etc. 

Crystals, liquid. A number of solid 
substances, c.g. ammonium oleate and 
p-azoxyanisolc, have the property of melting, 
on heating, to give a cloudy liquid, which 
changes at a higher temperature to a clear 
liquid. The cloudy liquid is doubly re¬ 
fracting, and is called a liquid crystal, or, 
more generally, is said to be in the meso¬ 
morphic state. Substances which form 
liquid crystals have molecules which arc 
either long or flat, and in the mesomorphic 
state it is believed that the liquid is com¬ 
posed of discrete groups of such molecules. 
Such groups may be oriented in the liquid 
by the application of a magnetic field. 

Crystal structure. The arrangement of 
atoms and molecules in a crystal, as revealed 
by X-ray and electron diffraction methods. 

A characteristic of a crystal is that the 
atoms, molecules, or ions are arranged in a 
regular way in three dimensions. It follows 
that if we start from an arbitrary origin in 
the crystal and proceed in any direction we 


shall arrive, after travelling a certain 
distance, at a point with the same environ¬ 
ment as the point of origin. We may 
perform this process in two other direc¬ 
tions and find the corresponding “ repeat 
distances.” These three axes of reference 
and the three repeat distances define a 
parallclopiped which contains a represen¬ 
tative portion of the crystal structure, and 
which if indefinitely repeated in those direc¬ 
tions will reproduce the crystal. This 
parallelopiped is termed the ** unit cell," 
and the repeat distances or cell dimensions 
(the sides of the unit cell) are written a, b, 
and c, corresponding to the axes with those 
symbols. The angles between the axes 
taken in pairs, arc culled a, P, and y (between 
be, ca, and ab respectively). The choice of 
axes in the crystal is not arbitrary, except 
in the triclinic system, but is determined by 
the positions of the symmetry elements. 
The shape of the unit cell, and hence the 
constants required to define it, depends on 
the symmetry of the crystal, and the 
following table summarizes the data required 
in the various systems : 

Triclinic : a, b, c, a, p, y. 

Monoclinic :a,b,c,p( a — y — 90°). 
Orthorhombic : a, b, c, (a — p — y = 90°). 
Rhombohedral : a (■■ b — c), a (= p ™ y). 
Hexagonal : a (- 6), c, (y - 120*, 

a - P = 90°). 

Tetragonal : a (- b), c, (a » p - y - 90 °). 
Cubic laj-buc), 

(a - p - y = 90'’). 

Crystal symmetry. A term describing 
the regularities in the position and arrange¬ 
ment of faces and edges of a crystal. Such 
regularities arc defined in terms of planes of 
symmetry, axes of symmetry, and centres 
of symmetry. A plane of symmetry divides 
the crystal into two identical halves, each 
of which is the mirror image of the other. 
An axis of symmetry is an imaginary line 
drawn through the crystal in such a way 
that, on rotating the crystal about this line 
as axis, the crystal presents an identical 
aspect to the observer more than once in 
a complete rotation. If the same aspect 
is presented four times (as would be the 
case for a cube rotated about a line through 
the centres of opposite faces) the axis is 
called an axis of four-fold symmetry. 
Similarly, we may have axes of two, three-, 
and six-fold symmetry. A crystal has a 
centre of symmetry if like faces are arranged 
in matched pairs in corresponding positions 
on opposite sides of a point. There are 
a limited number of possible arrangements 
of planes, centres, and axes of symmetry, 
which lead to a classification of crystals 



Crystal 

according to crystal systems (*.©.)• In 
order to describe the external form of 
crystals three crystallographic axes arc 
chosen. One face, making intercepts on all 
the axes, is taken as the standard or para¬ 
metral face to which all other faces are 
referred. See also Crystal structure. 

Crystal systems. According to their sym¬ 
metry crystals are placed in one of the 
seven crystal systems : cubic, tetragonal, 
hexagonal, rhombohedral, orthorhombic, 
monoclinic, and triclinic. For the char¬ 
acteristics of each of these systems see 
Crystal structure and the separate headings 
(e.g. Cubic system). 

Crystal violet. See Methyl violet. 

Cubebs are the dried unripe fruits of 
Piper cubtba, a plant growing in the Malay 
Archipelago. Cubebs contain from 10 % to 
18 % of volatile oil—oil of cubebs—to 
which their medicinal property is due. It 
is used internally as a urinary antiseptic for 
gonorrhoea, having an action similar to that 
of copaiba. 

Cubic close-packing. One of the two 

simplest ways of pocking equal spheres to 
occupy the minimum volume per sphere, the 
other being hexagonal close-packing ( q.v .). 
Each sphere has twelve equidistant neigh¬ 
bours and, as its name implies, the arrange¬ 
ment has cubic symmetry. In the cubic 
unit cell the atoms occupy the corners and 
mid-points of all the faces, whence the 
alternative description—face-centred cubic 
structure. Some of the more important 
metals crystallizing with this structure are : 
Cu, Ag, Au, Al, y-Fe, /?-Co, 0-Ni, and Pt. 



Cubic system. A term used to describe 
crystals having three equal crystallographic 
axes at right angles. Such crystals are 
sometimes referred to as belonging to the 
regular system. Cubic crystals are char¬ 
acterized by the presence of four three-fold 
axes in the directions of the cube diagonals, 
but additional axes and planes of symmetry 
may be present up to a maximum of thirteen 
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axes of symmetry (0 two-fold, 4 three-fold, 
and 3 four-fold) and nine planes of sym¬ 
metry. The unit cell in the structure of a 
cubic crystal is a cube and is defined by the 
length a of its side. Three simple cubic 
forms are the cube itself, the tetrahedron, 
and the octahedron. Sodium chloride and 
many metals crystallize in cubes, while the 
alums crystallize os octahedra. See also 
Crystal symmetry. 

Cupellation. The term given to a process 
for obtaining either gold and silver or one 
of them if only one be present, from their 
mixture with an easily oxidizable metal, 
such as lead. The method is a very old 
one. In modem practice the alloy is 
heated in a furnace of the reverberatory 
type lined with bone ash and a strong 
current of air passed over it. The lead 
or other metal forms an oxide, leaving the 
valuable component behind. If the original 
alloy contained both silver and gold they 
have to be submitted to some further 
process such as “ parting " if their separa¬ 
tion is required. Formerly the desilverizing 
of lead was accomplished by cupellation, 
but for economical production lead with 
less than 8 oz. of silver per ton was useless. 
Modem methods are the Pattinson’s and 
Parke’s processes. 

Cupferon, Ammonium N-nitrosophenyl- 
hydroxylamine. 

NO 

< ( 'y —N—O—NH 4 

A reagent originally suggested for use in the 
detection of copper, but now used for the 
separation of iron, titanium, and zirconium 
which it precipitates from acid solutions. 
Cupferon is a brownish-white crystalline 
substance, soluble in water. 

Cupola. A small blast furnace used in 
a foundry for preparing metal for casting. 
Pig iron and scrap arc used where iron ore 
is used in the blast furnace. 

Cuprene, Carbene, is a solid polymeriza¬ 
tion product of acetylene and exists as 
a dark coloured, flocculent powder or in 
granular lumps, resembling cork. Manu¬ 
factured by heating acetylene at 200 o -400’ 
in presence of copper, nickel, or iron, metal 
or oxide. Used in blasting cartridges and 
as a substitute for charcoal in black powder 
and other explosives; also used for de¬ 
colorizing liquids instead of charcoal. 

Cupric. See Copper. 

Cuprite, Cu t O. This is sometimes called 
red copper ore. The crystals are of the 
cubic system, in octahedra or cubes, and 
do not display twinning. Hardness 3j, 

I sp. gr. 6. Bright red colour with an almost 
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metallic lustre. It is found in Cornwall. 
Arizona, Russia. France, and other localities. 

Cuprous. Sec Copper. 

Curare is an extract prepared from the 
bark of various species of Slrychnos. It 
was originally used ns an arrow poison by 
South American Indians, and contains the 
poisonous alkaloid curarinc. When injected 
subcutaneously it paralyses the motor nerve 
endings, and in poisonous doses death 
rapidly occurs from failure of respiration. 
Curarinc has been injected in cases of 
tetanus when all other treatments have 
failed, and has been the means of saving 
life. 

Curie-Joliot, Irene (189G- ). Daughter 

of Mmc. Curie and wife of Dr. F. Joliot, 
Mmc. Curic-Joliot is a research worker at 
the Curie Laboratory-, Paris. She has 
made many investigations upon radio¬ 
activity and ** induced ” radioactivity, 
and in 1035 she shared with her husband 
the Nobel Prize. 

Curie (Skiodovska), Marie (1807-1934). 
Born in Warsaw, Marie Skiodovska was 
educated by her father, professor of physics 
at Warsaw, and later at Paris. She married 
Pierre Curie in 1895. Jointly with her 
husband she was awarded in 1903 the Davy 
Medal of the Royal Society, and in 1904 
they, jointly with Bccqucrel, were awarded 
a Nobel Prize. In 1900 she succeeded her 
husband as professor of physics at tho 
Sorbonnc, Paris, and in 1911 was awarded 
the Nobel Prize for Chemistry. One of the 
pioneers in radioactivity, her work in that 
sphere is historic. She was the tlret 
Director of the Radium Institute in Paris. 
Her daughter Mme. Curic-Joliot has made 
many important contributions to science. 
See Mem. Lcct., J. Cliem. Soc., 1935, p. 054. 

Curium, Cm. At. No. 9G. An artificial 
clement, obtained by bombarding plutonium 
with high energy’ helium ions in a cyclotron. 
It is radio-active, emitting a-particlcs. 
Two isotopes have been obtained, I,0 Cm. 
(half-life 1 month) and 1,! Cm. (half-life 5 
months). It is believed to be trivalcnt and 
to belong to an “ actinide ’* series of elements 
analogous to the rare earths. 

Curme, George Oliver (Jr.) (1888- ). 

Born at Mount Vernon, Iowa, Curme 
studied successively at the North-Western 
University, Harvard, Chicago, and Berlin. 
After six years' research at the Mellon Insti¬ 
tute (1914-1920) he became chief chemist of 
the Carbide and Carbon Chemicals Corpora¬ 
tion, and in 1929 was made Vice-President 
and Director of Research. His work has 
been devoted to the commercial synthesis 
of organic chemicals from natural hydro¬ 
carbons. Awarded the Perkin Medal, 1935. 


Curtius, Theodor (1857-1928), professor 
of chemistry at Heidelberg, discovered 
hydrazine in 1887 and the tetrazinc 
derivatives in 1906; he also investigated 
the polypeptides. 

Curtius transformation. An alteration to 
the Hoffmann transformation for obtaining 
an amine from an ester via the hydrazide, 
azide, and isocyanate. Thus ethyl acetate 
is converted into methylaininc by the 
following series of reactions : 

CH a COOC,II I +NII s NH,-eCH,CONHNH a 
in hot alcohol. 

CHjCONH • NH t + UNO, -*> CH,CO • N, 
in aqueous solution at 0°. 

ClIjCO • N, -* CH, • N : CO + N, on warm¬ 
ing. 

CII, N : CO + H t O -* CHjNII, + CO, on 
boiling with dilute acid. 

Alternatively, the azide may be boiled with 
alcohol to convert it into the urethane, nnd 
the latter then hydrolysed with dilute acid. 

In general, the Hoffmann method is rather 
more convenient, hut the Curtius method 
must be employed when the compound in 
question is attacked by alkalis or easily 
brominated. 

Cut-back asphaltic bitumen. A prepara¬ 
tion of asphaltic bitumen thinned down 
with a flux such as kerosene or heavy 
gasoline to reduce the temperature to 
which it must be heated before application 
to the aggregate in road work. After the 
road carpet has been laid the flux evapor¬ 
ates and leaves the asphaltic bitumen in 
intimate contact with the mineral aggregate. 

Cutin. A component of the waterproof 
covering or cuticle of the outer cellulose 
wall of plants. It is composed of a mixture 
of unsaturated fatty acids that have under¬ 
gone oxidation nnd condensation, and of 
soaps and esters of such substances. 

Cyanamide, NH,CN. A colourless, cry¬ 
stalline and deliquescent solid, M.P. 43°-44°, 
which is readily soluble in water, alcohol, 
or ether, but only sparingly soluble in 
carbon disulphide, benzene, or chloroform, 
It is readily prepared from the sodium salt, 
NajCNj, which is formed by the action of 
sodamide on carbon, by decomposition 
with dilute nitric acid, and extraction with 
ether. Cyanamide behaves as a very 
weak acid, and both acid and normal salts 
(e.g. NaHCN t and Na,CN a ) are known. 
The calcium salt, calcium cyanamide, 
CaCN x , is prepared by the action of nitrogen 
on calcium carbide at a high temperature. 
With strong acids cyanamide also forms 
salts, but they are decomposed by water. 
Cyanamide is hydrolysed to urea by the 
action of dilute acids. With hydrogen 
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sulphide it forms thiourea and, with 
ammonia, guanidine. vn 

Cyanates. Salts of cyanic acid, HCNO. 
They are readily formed by Wag* 
cyanide with a metallic oxide, ' vhcn thc 
latter is reduced to the free metal (e.g. 
KCN + PbO = KCNO + Pb) Whenac,d. 
fied, solutions of cyanates ,ll f r * te 
cyanic acid, which is rapidly h y^ ro, y^ ed 
(HCNO + H.O = NH, + CO,). Ammon- 
ium cyanatc, which is produced by mixing 
concentrated aqueous solutions of potas¬ 
sium cyanatc and ammonium chloride, is 
transformed on beating into the jsorneric 
substance, urea (NH 4 CNO = (NH,),CO). 

Cyanic acid. HCNO. A mobile, volatile 
liquid, with a smell resembling that of 
glacial acetic acid, which is formed 
by heating cyanuric acid, C,N,O a H,, ana 
condensing the vapours which distil •over 
in a well-cooled receiver. Above 0 the 
acid changes rapidly into a solid polymer, 
known as cyamelide. Cyanic acid in 
aqueous solution is rapidly hydrolysed to 
ammonia and carbon dioxide There are 
two alternative modes of formulating 
cyanic acid, viz. HO • C.N or HN-C-O. 
The second of these, known as wo-cyamc 
acid is believed to represent the constitution 
of the free acid although alkyl derivatives 
of unambiguous constitution are known 
corresponding to each of the two formul*. 
The salts of this acid arc known as the 
cyanates or isocyanates. 

Cyanides. The salts of hydrocyanic acid. 
This is a weak acid and the cyanides of the 
alkali metals arc hydrolysed in solution 
and show an alkaline reaction. The solu¬ 
bility of the metallic cyanides in water 
parallels that of the chlorides, silver cyunidc, 
for example, being insoluble in water whereas 
the cyanides of the alkali and alkaline-earth 
metals arc readily soluble. Mercuric cyan¬ 
ide, on heating, forms cyanogen. Cyanides 
arc violent poisons. 

Cyanin is the anthocyan glycoside (q.v.) 
of the cornflower and the rose. It is the 
3; 5-di-monoside of cyanidin. On the 
other hand mekocyanin obtained from the 
poppy is the 3-biosidc of cyanidin. Other 
cyanidin anthocyans arc: 

1. Chrysanthcmin (astcrin) present in 
the chrysanthemum, aster, blackberry, and 
elderberry; this is the 3-monoglucoside. 

2. Peonin from the peony is a 3-bioside of 
3'-methyl cyanidin (peonidin). 

Cyanine dyes. A large group of dyestuffs, 
the molecules of which contain two hetero¬ 
cyclic groups (generally quinoline nuclei) 
linked by a conjugated chain containing an 
odd number of carbon atoms. The ori- 
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c inal cynanine or quinoline blue, prepared 
by Williams in 1861, has the formula . 



AH,. 


IT- 


C»H„ N 

The more important iso -cyanines have the 
structure: _ 

(R is an alkyl 
group). 



Other cyanines (including cyanines) and 
the so-called carbocyanines (pinacyanols, 
kryptocyanines, and dicyanines) differ 
in the length and position of attachment of 
the conjugated link between the nuclei. 
As a class the cyanines are of little value 
as dyes, but they have been developed 
as sensitizers for panchromatic and other 
special photographic emulsions. 

Cyanite (Disthene), an nluininosilicic 
anhydride (Al,0„ SiO,) 4 isomorphous with 
andulusite and sillimanite. Crystals arc 
triclinic 0 809 : 1 : 0-700, a - 00' 5\ 

fl - 101* 2', y - 105° 44J'. The dimensions 
of the unit cell are : a — 7-00 A., b — 7-72 A. 
and c - 5-56 A. There arc four molecules 
in the unit cell. Cyanitc is an ortho¬ 
silicate, as the SiO, groups arc independent. 
Sp. gr. 3-50-3-68. hardness 5-7. Pale blue 
when quite pure, but often grey, yellow or 
reddish. On heating above 1450° it is 
converted into mullitc. Used chiefly ns 
a refractory material, it being sold, after 
calcination, as “ P.I5. Sillimanite." It is 
particularly used for the manufacture of 
blocks used for lining the tanks (hearths) 
of glass-melting furnaces. 

Cyanoacetic acid, C,H,0,N, 

NC • CH,COOH, 

crystallizes in large prisms which liquefy on 
exposure to atmospheric moisture, M.P. 00°. 
Very soluble in water, alcohol, and ether. 
Prepared by adding sodium cyanide to 
a solution of sodium chloroacctatc. The 
sodium cyanoacetate so formed is acidified 
with sulphuric acid and the cyanoacetic 
acid ex-tractcd with benzene. It is decom¬ 
posed at 160° into carbon dioxide and 
acetonitrile. Concentrated acids or alkalis 
convert it to malonic acid. Condenses with 
aldehydes to give unsaturated a-cyano acids 
or unsaturated nitriles. It forms metallic 
salts which are either amorphous, or crystal¬ 
lize with difficulty. The ethyl ester is used 
in organic syntheses. 


II 
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Cyanoacetic ester, Ethyl cyanoacetate, 

CjHjOjN, 

NC CII.COOCH.CH,, 

is a colourless liquid, D*° 1 003, B.P. 207°, 
97°/10 mm. Insoluble in water, soluble in 
alcohol and benzene. Prepared by boiling 
cyanoacetic acid with ethyl alcohol and 
sulphuric acid. Reacts with ammonia to 
give cyanoacctamide. Like acctoacetic 
ester, it will react with sodium and the 
product will combine with halogen com¬ 
pounds such as alkyl bromides. It may 
be used to replace malonic ester or aceto- 
acetic ester in many syntheses. 

o-CyanObenzamide, C,H # ON,. Colourless 
needles, M.P. 173°. Readily 
soluble in alcohol and acetone. /\CN 
On heating to its M.P. it is 
converted into imidophthal- ( J rnV u 
imide, M.P. 203°. Readily 
hydrolysed to phthalic acid. 

Prepnred by the partial dehydration of 
phthalamidc with acetic anhydride. 

It has a limited use in the preparation of 
the phthalocyaninc pigments into which it 
is readily converted on heating with metallic 
salts. 

Cyanogen, C,N,. A colourless gas which 
condenses to a colourless liquid (B.P. 
- 20 7, M.P. - 27-02’). It has a char¬ 
acteristic smell of bitter almonds and is 
very poisonous. Water dissolves 4 95 times 
its volume of the gas at 0°. Cyanogen is 
produced by heating mercuric cyanide, 
Hg(CN)„ to a dull red heat. A brown 
non-volatile powder is formed at the same 
time. This is a polymer of cyanogen and 
is called paracyanogen. Cyanogen is an 
inflammable gas and burns with a pink 
flame. It is absorbed by sodium or potas¬ 
sium hydroxide solution, forming a mixture 
of cyanide and cyanate. The aqueous 
solution is rapidly hydrolysed at room 
temperature forming hydrocyanic acid and 
cyanic acid. The latter is decomposed 
further into ammonia and carbon dioxide. 

Cyanogen bromide, CNBr. A colourless 
crystalline solid (M.P. 52°, B.P. 61°) 
which is very poisonous. It is formed by 
the action of bromine on a cyanide or on 
hydrocyanic acid. It is stable in the pure 
state but polymerizes rapidly to cyanuric 
tribromidc (CNBr)„ in presence of a trace 
of hydrobromic acid. It is decomposed 
slowly by water, in which it is appreciably 
soluble (5 %-G %). It is rapidly de¬ 
composed by alkalis, forming a mixture of 
cyanate and cyanide. 

Cyanogen chloride, CNC1. A colourless 
mobile liquid (B.P. 15°, M.P. - 5°) which 
is formed by the action of chlorine on a 


solution of potassium cyanide and zinc 
sulphate. It is exceedingly poisonous. 
When stored in the liquid state it is stable, 
but in presence of a trace of hydrochloric 
acid it polymerizes to solid cyanuric tri¬ 
chloride (CNC1),. It is decomposed by 
alkalis to yield metallic cyanides and 
cyanates. With ammonia it forms ammon¬ 
ium chloride and cyanamidc, Nil, • CN. 
It is hydrolysed by aqueous hydrochloric 
acid to give ammonium chloride and carbon 
dioxide. It is moderately soluble in water 
(approx. 0 %). It has no action on metals 
at ordinary temperatures. 

Cyanogen selenides. The compounds 
Sc(CN)„ Sc,(CN), and Sc,(CN), have been 
prepared. 

Cyanogen sulphide (CN),S. A crystalline 
solid, M.P. 05°, which is formed by the 
action of an ethereal solution of cyanogen 
iodide on silver thiocyanate. It is soluble 
in water, alcohol, or ether. 

Cyanohydrins are organic compounds 


containing the group 


X° H 

s \CN 


They 


arc formed by the action of hydrocyanic 
acid on aldehydes or ketones, or by the 
addition of sodium cyanide to a cooled 
suspension of the bisulphite compound of 
an aldehyde or ketone. They arc split 
up by alkalis to give a cyanide and the 
original compound ; mineral acids convert 
them to a-hydroxycarboxylic acids. 

Cyanophoric glycosides arc those con¬ 
taining hydrocyanic acid which is split off 
on hydrolysis; they arc of frequent occur¬ 
rence in plants. Amygdalin is the best 
known ( q.v .). 

Several glycosides of mandclonitrilc arc 
found, viz.: 

1. Prunasin — d-form, M.P. 147°-150°, 
[aJ D - 20 0°. 

2. Prulaurasin = racemic form, M.P. 
120*-122° [c*] D - 52-7°. 

3. Sambunigrin = /-form, M.P. 151° (a] D 
- 70*3°. 

4. Dhurrin = p - hydroxymandclonitrile 
glycoside. 

Others are lotusin, linamarin, vicianin, 
q.v. Various views prevail as to the signi¬ 
ficance of this class of glycosides (see 
Armstrong's “ Glycosides ”). 

Cyanoplatinites, Cyanoplati- O 

nates. See Platinum cyanides, C 


complex. 


HN 
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Cyanuric acid, C s H,N s O„ is . 

a stable crystalline substance q£ C q 
sparingly soluble in water. It \y 

may be prepared by heating N 

urea above its melting-point. H 
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Cyanuric 

Cyanuric triazide, C a N„, the molecule is 
planar ; the central hexagon has sides alter¬ 
nately 1-38 A. and 1-31 A. ; the distances 
between adjacent nitrogen atoms are not 
those of single and double bonds, but are 

N N N 
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intermediate ; there is resonance or meso- 
mcrism in the molecule. Cyanuric triazide 
is a crystalline solid, insoluble in water, 
but soluble in acetone and benzene, M.P. 
94°; decomposes often with detonation 
above 100°. Prepared by adding cyanuric 
chloride to a solution of sodium azide ; a 
sensitive detonator but not suitable for use 
in large quantities. Sec Chem. Soc. Ann. 
Rep., 1035, p. 233. 

Cyclenes arc cyclic hydrocarbons con¬ 
taining one or more double bonds. 

Cyclic. Cyclic compounds arc compounds 
which contain a closed ring system, such os 
the benzene ring, as opposed to the open 
chain aliphatic compounds. Cyclic com¬ 
pounds can be subdivided into homocyclic 
compounds, in which the ring is composed 
only of carbon atoms, and heterocyclic 
compounds, in which the ring is composed 
of atoms of more than one kind. 

Cyclic processes. A system which has 
undergone a series of changes and as a 
result is found to be in its original state is 
Baid to have completed a cycle. The whole 
series of changes is a cyclic process. 

Cyclobutane, C 4 H„ is a 
colourless gas which burns . * , * 

with a luminous flame. In- _ £jj 

soluble in water, soluble in 2 2 

acetone or alcohol; occurs in Russian 
petroleum. Prepared by treating 1 :4-di- 
bromobutane with metallic sodium. Re¬ 
duced to n-butane by hydrogen at 200° in 
presence of nickel catalysts. 

Cyclohexane, C e H„, is a CH * 
colourless liquid, M.P. 6 5°, 

B.P. 81°, D*° 07791. In- 7 - V * 
soluble in water; miscible 
with many organic solvents. \*/ 
Occurs in Russian petroleum. CH, 


Manufactured by the reduction of benzene 
with hydrogen in presence of a nickel 
catalyst. It is inflammable. Used as a 
solvent for oils, fats, and waxes, and also 
as a paint remover. 

Cyclohexanol, Hexalin, Hexahydrophenol, 
C.H,jO, 

CH,-CH, 

CH. X CHOH 

\h,-CH, 

is a colourless liquid, M.P. 24°, B.P. 101°, 
D** 0 9624. Moderately soluble in water; 
miscible with many organic solvents. 
Readily absorbs water vapour. Manu¬ 
factured by heating phenol with hydrogen 
under pressure in presence of suitable 
catalysts. Oxidized to adipic acid; de¬ 
hydrogenated to cyclohexanone. Reacts 
with heated aluminium chloride to give 
cyclohexane. Used in the manufacture of 
celluloid, detergents, and printing inks. 

Cyclohexanone, Sextone, C«H, 0 O, 

CH,-CH, 

CH, O 

\h,-CH, 

is a colourless liquid with a strong pepper¬ 
mint-like odour, D ,# 0 9478, B.P. 155°. 
Slightly soluble in water; miscible with 
most organic solvents. Manufactured by 
passing the vapour of cyclohexanol over 
a heated copper catalyst. Volatile in 
steam. Oxidized to adipic acid. Used in 
manufacture of adipic acid, nitrocellulose 
lacquers, celluloid, artificial leather, and 
printing ink. 

Cyclohexylamine, C 4 H„N, 
liquid, B.P. 134°, F.P. —18°, 

D 4 z# 0 867, miscible w ith 
water, volatile in steam. It f 
can be extracted from aque- 2 ( 
ous solution by hydro¬ 
carbons. It is a strong base \ / 

and is used as a solvent for CH, 

dyestuffs, as an acid in¬ 
hibitor in degreasing baths, and for other 
industrial purposes. 

Cyclone separator. Employed in the 
recovery of suspended solids from air or 
gas where the material to be recovered is 
not too finely divided and a moderately 
complete degree of separation is all that is 
required. The apparatus consists essen¬ 
tially of a short vertical cylinder into which 
the air carrying the solids is blown tan¬ 
gentially. A swirling motion results, the 
solids are flung outwards under centrifugal 
force, and fall to the bottom of the separator 
whence they are removed. The cleaned 


A colourless 

CH • NH, 
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CH, 

H,C CH, 
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Cystine 


CH=CH 

Ur 


H, 

>CH, 

CH t 


air passes to an outlet at the top of the 
cylinder. 

Cyclopentadiene is a colourless liquid, 
D ,## 08047, B.P. 42-5°. 

Insoluble in water; miscible 
with hydrocarbon solvents. 

It is obtained as a by-product 
during the rectification of 
benzene from coal tar. The hydrogen atoms 
of the > CH a group are reactive and it 
readily condenses with ketones to give highly 
coloured hydrocarbons known as fulvcncs. 
Forms a compound with maleic anhydride 
and gives two dibromidcs with bromine. 
It shows a distinct tendency to polymerize. 

Cyclopropane, Trimethylene, Is a colourless 
gas with a sweetish odour. It 
has been found in the low-boiling 
fraction of petroleum from 
Louisiana. Manufactured by 
treating propane with chlorine 
at 400° to give a mixture of dichloropropancs, 
which is fractionally distilled to separate 
the 1 :3-dichloropropanc. This occurs to 
the extent of about 20 % in the mixture. 
It is boiled with 75 % alcohol containing 
sodium carbonate, zinc dust, and sodium 
iodide. Acetamide may be used to replace 
the alcohol. 

It is used as an anaesthetic, deep anaes¬ 
thesia being produced by a concentration 
of 18 %. The chief disadvantage is that 
mixtures of it with oxygen arc explosive 
within the range 20-75 % of cyclopropane. 

Cyclotron. The cyclotron is an apparatus 
devised by Lawrence in America and 
Gcrthsen in Germany by means of which 
charged atomic particles, c.g. protons, arc 
accelerated by passing them repeatedly 
through the same electric field. Thus, 
10,000 volts may be made to do the work of 
1,000,000 volts, and produce protons of 
very high velocity and hence of great 
energy. 

Cymarin, C,oH 44 0„ has M.P. 130 e , 
{x] D + 23°, and consists of cymarosc and 
strophanthidin, CjjHjjO,. When com¬ 
bined with a molecule of glucose the glyco¬ 
side is known as /c-Strophanthin. Other 
similar glycosides arc pcriplo-cymarin, 
which is made up of cymarose and peri- 
plogenin, C„H, 4 0 5 , and sarmento-cymarin 
made up of sarmentogenin, C„H J4 O s , and 
an isomeric sugar sarmentose. 

All these arc strophanthus glycosides 
with specific cardiac action ; these are 
present in the seeds of Slrophanthus and 
Apoajnum species. Probably most of them 
arc combined with a further molecule of 
glucose as in the digitalis glycosides ( q.v.). 

Cymarose, C,H,,0 4 , is a so-called desoxy- 
sugar (with a CH, group) obtained on 


hydrolysis of cymarin, a strophanthidin 
glycoside. It contains one metlioxy group 
also, and has been assigned the formula 

II II II 

CH, • C • C • C • CII, • CIIO 

OH OH OCH, 

being probably a methyl ether of digitoxosc 
(q.v.). It is isomeric with sarmentose. It 
has M.P. 88°. 

Cymenes, Isopropylmethylbenzenes, C l0 H l4 . 
p-Cymene is a colourless liquid, I) 10 0-8570, 
B.P. 177’. Insoluble in water ; 
miscible with organic solvents. 

Occurs in many essential oils, 
such as cumin, thyme, and 
chenopodium. Obtained from 
the oil in the waste liquors of 
the sulphite wood pulp process. 

Prepared by heating camphor 
with zinc chloride, or from oil 
of turpentine. Oxidized by 
chromic acid to tcrcphthalic acid and by 
nitric acid to p-toluic acid. Used ns a 
thinner for paints and in the manufacture 
of thymol. m-Cymene is a colourless liquid, 
D“ 08096, B.P. 170°. Oxidized to iso 




m-Cymcnc. o-Cymcne. 


phthalic acid. o-Cymene is a colourless 
liquid, 0* # 0 876, B.P. 175°. 

Cysteine, a-Axnino-0-mercaptopropionic 
acid, C,H 7 0,NS. Cysteine is a reduction 

HS—CH, . CH . COOH 
rliH, 

product of cystine. It is the first step in 
the breakdown of cystine in the body, one 
molecule of cystine splitting to give two 
molecules of cysteine. Cysteine is soluble 
in water, giving a lrevorotatory solution, but 
it is very unstable, being oxidized on stand¬ 
ing in air to cystine. 

Cystine, Dicysteine, C t H la 0 4 N a S a . 


CH,—S—S—CH, 

Ih . NH, in. NH a 
d:OOH d:OOH 


Crystallizes in hexagonal plates, decompos¬ 
ing at 258°-261°. Sparingly soluble in cold 
water, more soluble in hot, insoluble in 
alcohol. The naturally occurring substance 
is lavorotatory, [a]“ — 206°, in dilute hydro¬ 
chloric acid. It consists of two molecules 
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Dalton’s law 


of cysteine, to which it breaks down on 
reduction. Cystine is particularly abundant 
in the proteins of the skeletal and connective 
tissues of animals and in hair and wool, 
from which it is most readily prepared. 

Cytase is the group name for enzymes 
which hydrolyse the skeletal carbohydrates, 
sometimes called hcmicelluloses, of plants 
for example mannan, galactan, xylan, and 
araban. As the carbohydrates are still ill- 
defined, little is known of the enzymes 
beyond that they exist. 

Cytidine, C,H,,0,N„ 
sisting of one mole¬ 
cule of cytosine and 
one of d -ribose. It 
crystallizes in long 
needles, M.P. 230°, 
with decomposition, 

[a]" + 29-63. See 
Jones and “ Nucleic Acids, 

Hass. 

Cytochrome. A widely distributed res¬ 
piratory catalyst associated with the oxi¬ 
dative processes of living cells. It is found 
in all cells capable of active metabolism. 
It is a mixture of three hamochromogens, 
differing in their porphyrin groups, and 
called cytochromes a, b, and c. Cyto¬ 
chromes a and b are unstable and de¬ 
compose on heating, cytochrome c is very 
stable. Cytochrome b is autoxidizablc; 


A nucleoside, con- 

N=C.NH, 
OC 




C,H ,0 4 —N—CH 

‘Nucleic Acids,” by 
by Lcvcne and 


the others are not. Cytochrome is educed 
in the cell by specific dehydrogenases and 

oxidized by the indophcnol 0X,daSe ^ lC ^ 
it thus acts as an oxygen carrier set 

paper by Keilin, Proc. Roy. Soc., 1930, B, 
106, 418. 

Cytoflavin (Yellow enzyme) is a yellow 
water-soluble dye first obtained from heart 
muscle which has the property of being 
easily reduced to the leuco form and as 
easily re-oxidized again. Bottom yeast 
and milk contain a “ yellow enzyme 
which is a combination of cytoflavin with 
a specific protein. Cytoflavin is the phos¬ 
phoric acid ester of riboflavin also termed 
vitamin B t , which is a ribose compound of 
a dimethyl flavin : namely 6 : 7-dimcthyl- 
9-ribityl-isoalloxazinc. It has been syn¬ 
thesized as also has cytoflavin. In this 
chromoprotein respiratory enzyme the pig¬ 
ment acts as a co-enzyme ; its low potential 
is of great importance in biological oxida¬ 
tion. 

Cytosine, 2-oxy-0-amino- 
pyrimidine, C 4 I I,ON,. Crys¬ 
tallizes in plates with 5 
molecules of water. Soluble 
in hot water, sparingly 
soluble in alcohol. Decom¬ 
poses at 320°-325°. A hydrolysis product 
of nucleic acid. 


N-C.NII, 

oi; <!h 
I H 

IIN—CH 


Dagenite. A bituminous composition 
with an asbestos filler, used chiefly for 
accumulator cases. It has good resistance 
to acids and alkalis. 

Dakin’s solution. A solution of sodium 
hypochlorite containing 0 5 % of available 
chlorine and neutralized with boric acid. 
It is used as an antiseptic irrigant for 
wounds. 

Dale, Sir Henry Hallett (1875- ). 

Dale was born in London and educated at 
the Leys School and the University, 
Cambridge. From 1904 till 1914 he was 
Director of the Wellcome Physiological 
Research Laboratories. His numerous re¬ 
searches lie in the fields of biochemistry 
and pharmacology. Elected F.R.S. in 
1914, he was created C.B.E. in 1919, and 
knighted in 1932. He was Director of 
the National Institute for Medical Research 
1914-1942, Fullerian professor of chemistry 
at the Royal Institution 1942-1946, Presi¬ 
dent of the Royal Society, 1940-1945. 
He was awarded the O.M. in 1944 and 
shared the Nobel Prize for medicine in 
1936. 


D 

Dalton, John, was born in Cumber¬ 
land in 1766, and became a teacher of 
science at the Manchester New College. 
In 1800 he became the secretary of the 
Philosophical Society of Manchester. He 
discovered what is known as Dalton’s Law, 
which is thus expressed in modern language : 
the volume occupied by a given quantity 
of gas varies directly as its absolute tempera¬ 
ture, provided the pressure remains constant. 
In the first few years of the nineteenth 
century he came to the conclusion that every 
chemical element consists of an immense 
number of identical atoms, and that chemical 
combination consists in the combination of 
one or two atoms of one element with one, 
two, or three or more atoms of another 
element or other elements. This theory 
was published by Thomson in 1807 and by 
Dalton in 1808, and was gradually accepted 
as the only possible explanation of the facts. 
He died in 1844. 

Dalton’s law of partial pressures. The 
total pressure which is exerted by a mixture 
of gases is equal to the sum of the pressures 
which the gases would exert if each was 
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separately contained in tlic volume occupied 
by the mixture. Thus in a mixture of 
gases, the total pressure, P, is equal to the 
sum, Pl -)- p, + p, + . . ., of the partial 
pressures of the constituents. 

Dambonitol, C,H u O„ the dimethyl ether 
of inositol ( q.v ), M.P. 105°, occurs in Gabon 
rubber and in the latex of Castilloa elaslica. 

Daniel!, John Frederic (1790-1845). A 
native of London, Daniell became lirst 
professor of chemistry at King's College 
on its foundation in 1831. He invented 
the Daniell cell, and his observations on 
the electrolysis of salts supported the 
theories of their constitution put forward 
by Davy and Dulong, in contrast to those 
of Berzelius. Ilis meteorological work is 
also of importance, and during his career 
he was awarded all the medals in the gift 
of the Royal Society, of which he became 
a Fellow in 1813. 

Daturic acid. See Margaric acid. 

Davies, Meurig Lloyd (1805-1940). Davies 
was born at Liverpool and educated at 
Liverpool College. After being works 
manager to Muspratt Sc Sons, and the United 
Alkali Co., he went to America in 1899 as 
managing director of the North American 
Chemical Co., Bay City, Michigan. In 
1913 he became general manager of the 
Standard Chemical Co. Ltd., Toronto, 
being appointed Vice-President the same 
year and President in 1924. He was 
President of the Canadian Chemical Associ¬ 
ation, 1932-33, and the Canadian Institute 
of Chemistry, 1035-30. Sec Chan, and Ind., 
1041, 107. 

Davy, 8ir Humphry, was born in Pen¬ 
zance in 1778. He discovered the intoxi¬ 
cating properties of nitrous oxide, and 
was engaged by the newly created Royal 
Institution of London as lecturer in 
chemistry. He experimented on galvanism, 
and in 1807 prepared potassium and sodium 
by the electrolysis of potash and soda. 
He also was the first to prepare calcium, 
barium, and strontium. He showed in 1810 
that chlorine, already discovered by Schcele, 
was an element. He invented the miner’s 
safety lamp, which has saved thousands of 
lives, and is still in use. He was knighted 
in 1812, and later made a baronet. He died 

in 1820 . 

D.D.T. Dichlorodiphenyltrichloroethane, 
C l4 H B CI 5 . 



Colourless crystals, M.P. 109°. Insoluble 
in water, soluble in most organic solvents. 
It is a very stable (and in most ways inert) 


Debye 

substance prepared by the action of chlor¬ 
benzene on chloral in the presence of sul¬ 
phuric acid. Crude D.D.T. contains about 
85 % of the p.p. isomer, the main impurity 
being the o.p. isomer (iso D.D.T.). It 
is a powerful insecticide against a variety 
of insects, being used by incorporation in 
a dust, as a spray in organic solvents, ns an 
emulsion, or as an scrosol. See “ D.D.T.: 
The Synthetic Insecticide,” by West and 
Campbell. 

Deacon, Henry (1822-1877). Born in 
London, Deacon left school at the age of 
14, and became apprenticed to the firm of 
Messrs. Galloway Sc Sons Ltd., mechanical 
engineers. A family friendship with 
Faraday created nn interest in chemistry, 
to which he applied his inventive mind. 
Later Deacon l>ccamc associated with the 
firms Nasmyth Sc Gaskell, Messrs. Pilkington 
Plate Glass Works, and Hutchinson’s 
Alkali Works. In 1855 he entered into a 
partnership with Gaskell and established 
an alkali works at Widnes. He invented, 
among other processes, the Deacon process 
for the manufacture of chlorine. See 
J. Chan. Soc ., 1877, p. 494. 

Deactivating collision. See Deactivation. 

Deactivation. Deactivation implies the 
process involved in diminishing or removing 
entirely the chemical activity of a substance. 
Thus clean platinum considerably acceler¬ 
ates the combination of sulphur dioxide and 
oxygen to yield sulphur trioxidc, 

2SO, + O, 2SO,. 

Traces of arsenic, for example, destroy this 
activity. The platinum is said to be 
poisoned, or deactivated. Again in a 
photochemical reaction a molecule absorbs 
light. It possesses more energy than an 
ordinary molecule, and is therefore more 
reactive. It may, however, collide with 
nnother molecule, and transfer its energy 
without reacting. The first molecule has 
been deactivated. The collision in which 
the molecule lost its energy is a deactivating 
collision. 

De-asphaltizing (solvent processes). It 
is possible to de-asphaltize a lubricating 
oil by treatment with a liquid such as 
propane under pressure. The lubricating 
oil is dissolved leaving the asphalt as a 
residue. It is found that the employment 
of still lighter solvents such as liquid butane 
or ethane results in the separation of more 
and softer asphalt and even, in extreme 
cases, of the more highly viscous lubricating 
oil fractions. 

Debye, J. W. Peter (1884- ). Bom at 
Maastricht, Debye was appointed professor 
of physics at Zurich University (1011), 
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Utrecht University ( 1912 ) Gottingen Univer¬ 
sity (1914), and Zurich Technical High 
School (1919). He became Professor of 
Phvsics and Director of the Institute of 
Physics Leipzig, in 1927, and in 1935 Pro¬ 
fessor and Director of the Kaiser Wilhelm 
Institute for Physics, Berlin. He is the 
editor of the Physikalische Zexlschnft, and re¬ 
nowned for his researches on po ar mole¬ 
cules, dipole moment and molecular struc¬ 
ture. He was awarded the Nobel Prize for 
Physics in 1930. 

Decalin, decahydronaphthalene, 

As the two rings are not 
in the same plane, two 

stereoisomers of decalin g CH. 

exist. The cis form has . 1 , 

M.P. - 51°. B.P., 193°, CH CH, 

DIa 0-893-0-898. The v / 

Irons form has M.P. fcH, CH, 

- 30°, B.P. 185°, D;® 

0-870-0-872. The cis form can be quan¬ 
titatively converted into the Irons form by 
the action of aluminium chloride. Com¬ 
mercial decalin is manufactured by the 
high-pressure hydrogenation of naphthalene 
at high temperatures, and contains 90% 
cis and 10 % Irans decalin. The two forms 
can be separated by fractional distillation. 
Decalin is used as a solvent. 

Decantation. The removal from a sus¬ 
pension by mechanical means of supernatant 
liquid at a given point in the sedimentation 
process. 

Decoctions. Decoctions arc pharmaceu¬ 
tical solutions made by boiling a drug with 
water and filtering. 

Decomposition voltage. The smallest 
voltage which will cause the appreciable 
electrolysis of an electrolyte is termed the 
decomposition voltage. It depends not 
only on the electrolyte, but also on the 
nature of the metal forming the electrodes. 

De-emulsification. The formation of 
stable emulsions of oil during industrial 
operations often necessitates special me¬ 
chanism or plant to separate the oil from 
the aqueous liquid. There are various 
methods of doing this, both electrical and 
chemical. The chemical methods depend 
on the antagonistic action of various 
emulsifiers on one another. Thus the addi¬ 
tion of a sulphonated emulsifying agent to 
a crude field emulsion may cause it to break. 
Little is known about this effect, which is 
strictly specific. 

Some emulsions can be broken by mere 
mechanical treatment, others coagulate in 
the presence of electrolytes. See Emulsions, 
emulsifying agents. 

Degree o! hydrolysis. The degree of 
hydrolysis of a salt is defined as the fraction 
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Dehydrogenase 


of the total salt hydrolysed by water. Thus, 
if in a solution of the salt AB, 90 /o 
is hydrolysed to yield the base AOH and 
the acid BH, the degree of hydrolysis is 
0 90. It may be expressed also ns a per- 

Ce De^ C ees°o! 0 freedom. From the stand¬ 
point of the phase rule, the number of 
degrees of freedom which a system possesses 
is the number of variable factors, tem¬ 
perature. pressure, and concentration of 
the components, which must be fixed in 
order to define completely the condition 
of the system. E.g. if the pressure and 
temperature of a given mass of gas are fixed, 
the volume of the gas must have a definite 
value. The system has, therefore, two 
degrees of freedom. 

Dehumidiflcation. The removal of vapour 
from a vapour/gas mixture to the liquid 
phase by condensation. Especially the re¬ 
moval of water vapour from air. 

Dehumidiflcation equipment. Dchumidi- 
fiention of an air supply is normally carried 
out by cooling, either by refrigeration or 
direct injection of cooling water. In the 
latter case the quantity of water and the 
size of the individual drops is much larger 
than in humidification practice since the 
primary consideration is not dispersion of 
the water but provision of sufficient cooling 
surface. Adequate provision must be made 
to remove all entrained water before the air 
leaves the plant, as otherwise the object of 
the process will be defeated. 

If small quantities of perfectly dry air 
arc required, the dehumidification may be 
carried out by chemical means, using con¬ 
centrated sulphuric acid or any other suit¬ 
able absorbent. 

Dehydracetic acid, O-Methylacetopyranone, 

c,h,o 4 . 

CO—O—C • CH, 

cii,co • in—co —hn 

Crystallizes in colourless needles, M.P 
109®, B.P. 270®. Soluble in hot water and 
alcohol. Prepared by boiling acetoacctic 
ester for several hours and then distilling 
off the unchanged ester. It is formed 
from ketene by polymerization in presence 
of zinc bromide. Forms a crystalline 
sodium salt; the parent acid is unstable 
and always reverts to the lactone form 
shown above. It is reconverted to aceto- 
acetic ester by boiling alcoholic potassium 
hydroxide. Reduced by hydrogen iodide 
to dimethylpyrone. 

Dehydrogenase is the name given to the 
reducing enzymes of the cell. These are 
very labile, and are so closely bound up 
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with the structural elements of tissues that 
they cannot be isolated by methods involv¬ 
ing extraction. The enzymes act to acti¬ 
vate organic substances which then give up 
hydrogen to another substance, for example 
methylene blue. The principal dehydrogen¬ 
ases are succinic, malic, formic, citric, lactic, 
xanthine, and alcohol. The so-called 
Schardinger enzyme of milk converts 
aldehyde to acetic acid, and hypoxanthinc 
to uric acid. 

Dehydrothiotoluidine, C l4 H u N f S. 


N 


", 



> C -<Z> NH ' 


It crystallizes from alcohol in iridescent 
yellow prisms, M.P. 104 8 °, B.P. 434°. It 
is insoluble in hot or cold water, moderately 
soluble in benzene and hot alcohol, more so 
in acetic acid. It gives a mono- and di¬ 
hydrochloride. 

It is prepared, together with a similar 
compound of higher moleeular weight, 
primulinc base (q.v.), by heating together 
sulphur and p-toluidinc in the proportion 
of two atoms to two molecules. The re¬ 
action is carried out at 170 o -210°, and 
much hydrogen sulphide is evolved. It is 
isolated by direct distillation out of the 
melt. 

It is used as a first component in azo- 
dyes. The dyes thus obtained arc direct 
cotton colours. It can be directly sul- 
phonuted with sulphuric acid to give a 
product which is also much used as a first 
component of direct cotton azo-dyes. In 
the latter ease the sulphonatcd compound 
has direct affinity for the fibre, and it can 
first be dyed and then diazotized and 
coupled In situ. In this way improved 
fastness properties are obtained. 

De La Rue, Warren (1815-1889). Bom 
in Guernsey, Dc La Rue studied at the 
college of St. Barbc, Paris, and later, after 
entering his father's business, took a course 
of practical chemistry at the Royal College 
of Science. In conjunction with H. Muller, 
with whom lie invented the chloride of 
silver battery, he carried out numerous 
chemical investigations of a varied nature, 
and also a scries of experiments on electrical 
discharges in gases, etc., but for a con¬ 
siderable time his chief interest lay in 
astronomy. A Fellow of the Royal Society, 
and an original member of the Chemical 
Society, he was President of the latter 
body in 1807-09 and again in 1879-80. 

Detfpine, Marcel (1871- ). Bom at 

St. Martin-le-Gaillard, Dcl£pine studied at 


Paris under Bcrthclot. In 1004 he became 
professeur agrCgC and in 1913 professeur 
in the Ecolc Sup^rieurc de Pharmncic, 
University of Paris; since 1930 lie has 
been professor of organic chemistry in the 
College dc France. His researches cover a 
wide range, including work on organic 
sulphur compounds, terpenes, pyridincs, 
and rhodium. 

Deliquescence. When a salt absorbs 
moisture from the atmosphere and proceeds 
to dissolve in the absorbed water, it is 
said to be deliquescent. This will only 
occur if the vapour pressure of water over 
the solid is less than that of the air sur¬ 
rounding it. 

Delphinin is the anthocynn (q.v.) pigment 
of the larkspur and many other plants; it 
is a delphinidin dimonosidc plus 2 mols. of 
p-hydroxybcnzoic acid. Many delphinidin 
anthoeyans nrc mixtures; vicin present in 
the dark red vetch is a mixture of a 3-gluco- 
side and a 3-rhamnosidc ; violin from the 
pansy and viola yields both sugars. Other 
delphinidin glycosides arc gentianin, pc- 
tunin, malvin, myrtillin, anpclopsin, hir- 
sutin. 

Delta metal. Sec Muntz metal. 

Delta rays or 8-rays. When a-particles 
are absorbed by matter, 5-rays arc emitted. 
They consist of electrons moving with 
relatively small velocities compared with 
those of ^-particles. 

Demarcay, Eugfcne Anatole (1852-1904). 
Borp in Paris, Demarcay was ejlucated at 
the Lyc*c Condorcct and the Ecolc Poly- 
tcchniquc. He was assistant at the Poly- 
tcchnique for a time, but gave up the 
appointment in favour of research. The 
discoverer of the element europium, he 
carried out investigations on the terpenes 
and on the volatility of metals. 

Demulsiflcation value. See A.S.T.M. 
Steam Emulsion Test. 

Denatnrants arc substances added to 
dutiable articles to render them unfit for 
human consumption, so that they may be 
used for other purposes without having to 
pay duty. For denatured alcohol see 
Methylated spirit. Tea which is to be 
used for the extraction of caffeine is de¬ 
natured with lime and asafeetida, while 
tobacco to be used for fumigation of insect 
pests is treated with moss litter and crude 
bone oil. 

Denaturation. The denaturation of pro¬ 
teins means the irreversible change in solu¬ 
bility and other properties that occurs when 
a protein is heated. It is believed to be due 
more to a change in molecular architecture 
than in chemical composition. 
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Devarda’s alloy 


Dephlegmation. See Partial eondensa- 

tion. .. . 

Dephlegmator. A term sometimes applied 
to the reflux condenser in a distillation unit. 

Depression of freezing-point. The freez¬ 
ing-point of a pure solvent is depressed by 
the addition of a solute. The depression is 
proportional to the concentration of the 
molecules of solute in the solution. The 
depression caused by 1 gm. molecule of 
solute in 1 litre of solvent is called the 
molecular depression constant, and has a 
definite value for each solvent. 

Depsides. The depsides are simple com¬ 
pounds with tannin-like properties formed 
by the condensation of the carboxylic 
group of one phenolcarboxylic acid with a 
hydroxyl group of a similar acid. Thus— 

HO • C,H« • COOH + HO C.H, • COOH 

- HO C,H 4 • COO • C.H 4 • COOH. 

They are called didepsides, tridepsides, 
polydepsides, etc., depending on the number 
of phenol groups they contain. 

Derby red. Sec Lead chromates. 

Dermatol. See Bismuth oxygallate. 

Derris. A group of plants distributed 
mainly in Malaya and the East Indies 
from which rotenone and allied substances 
are obtained. It was originally used as a 
fish poison and is now used mainly as an 
insecticide. 

Desch, Cecil Henry (1874- ). Educated 
at Birkbcck School, Kingsland, and Fins¬ 
bury Technical College, Desch later studied 
at WUrzburg University and University 
College, London. He was appointed pro¬ 
fessor of metallurgy. Royal Technical 
College, Glasgow (1918), University of 
Sheffield (1920), and Superintendent of the 
Metallurgy Department, National Physical 
Laboratory (1932). His researches in the 
field of metallurgy gained him the Fellow¬ 
ship of the Royal Society. 

Desormes, Charles Bernard (1777-1862). 
After teaching at the ficole Polytcchnique, 
Paris, Desormes became a chemical manu¬ 
facturer at Verberic, Oise. See Clement. 

Detergents are cleaning agents whose 
action depends on their power of affecting 
surface tension and interfacial tension. 
Many of these are sodium salts of organic 
sulphonic acids containing a group such 
as : — CO—CH,—SO,Na, the remainder 
being a chain or chains of CH, CH„ and 
CH,. The former group has an affinity 
for water, the latter chains an affinity for 
oils and fats. Such detergents are largely 
used to treat textile materials in dyeing, 
bleaching, and cleaning, and in the prepara¬ 
tion of emulsions, drugs, cosmetics, and 


cements, and in the cleaning of metals 
for electroplating. 

Detonating gas. A common name lor 
the mixture of hydrogen with half its 
volume of oxygen which is produced by 
the electrolysis of water, and explodes 
violently, with re-formation of water, 
when ignited. 

Detonation. If the compression ratio of 
a petrol engine is progressively raised a 
point is reached at which the combustion 
ceases to be practically noiseless and a 
sharp metallic hammering is heard. This 
is known variously as pinking, knocking, 
or detonation. The exact nature of the 
change in the combustion process is not 
precisely understood, but the knocking 
appears to be due to a sudden increase 
in the rate of combustion causing high- 
pressure gas waves to strike the cylinder 
walls. 

Deuterium, D. At. no. 1, At. wt. 2 013. 
An isotope of hydrogen which, because of 
the relatively high difference in masses, 
has markedly different physical and chem¬ 
ical properties. The bracketed values 
below arc the data for certain physical 
properties of molecular hydrogen and its 
compounds, and the unbracketed values 
those for the deuterium analogues: B.P. 
- 249 7° (- 252 8°); B.P. of D.O, 101-4° 
(100 0°); B.P. DC1, -81-5° (- 850°); 
M.P. D.O, 3-8° (0 0°); M.I*. C,D„ 0 8° 
(5 5°); density at 25°, M05 (0-997); temp, 
of max. density, 11-0° (4 0°); ionic product 
at25°, 1-8 x 10 - u (l-0 X 10” M ). Deuterium 
was first detected spectroscopically. Its 
isolation depends on the observation made 
by Washburn and Urey (1932) that the 
water remaining after the destructive 
electrolysis of water was relatively richer 
in deuterium oxide than the starting 
material. Ordinary water contains ap¬ 
proximately 1 part in 4500 of deuterium 
oxide. As a result of the operation of 
physical processes (e.g. preferential evapora¬ 
tion of H,0), small variations in this ratio 
arc observed in water obtained from certain 
natural sources. The abundance of D z O 
is usually estimated from density deter¬ 
minations. 

Deuteroporphyrin. See Porphyrins. 

Deuton (Deuteron). The nucleus of the 
deuterium atom. It is related to deuterium 
as the proton is related to hydrogen, and 
like the proton has proved a valuable agent 
for producing artificial disintegration by 
bombardment. 

Devarda’s alloy contains 45 % aluminium, 
50 % copper, and 5 % zinc. Nitrates in 
strongly alkaline solution are reduced 
quantitatively to ammonia on addition of 
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the finely divided alloy. Since the am¬ 
monia can be distilled off and determined 
by titration, Devarda's alloy is used in the 
volumetric determination of nitrates. 

“ Developed ** colours. See “ Ingrain ” 
dyes. 

Devitrification. Numerous amorphous 
solids like glass arc really strongly super¬ 
cooled liquids. They have, therefore, a 
tendency to crystallize, but the change is 
retarded by their high viscosity. Under 
certain conditions, crystallization does set 
in, and the glass becomes opaque through 
the appearance of crystals. The process is 
termed devitrification. 

de Vries, Hugo (1848-1035). Born at 
Hanrlein and educated at Leyden, Heidel¬ 
berg, and VVurtzburg, de Vries was in 1871 
appointed lecturer at the University of 
Amsterdam, nnd in 1881 became professor. 
A botanist, de Vries was responsible for 
some pioneer observations on osmosis. 

Dewar, Sir James (1842-1923). Born at 
Kincardinc-on-Forth, Dewar became a pupil 
of Lyon Playfair (Edinburgh), and Kckul* 
(Ghent). In 1875 he was appointed Jack¬ 
sonian Professor of Natural Experimental 
Philosophy at Cambridge, and in 1877 he 
became, in addition, Fullerian Professor of 
Chemistry at the Royal Institution. He 
was knighted in 1001. Possessed of a mind 
which was original and impatient, his 
scientific work covered a wide field. He 
liquefied numerous gases and invented 
the vacuum flask. Sec Royal Institution 
Lecture (II. E. Armstrong), January, 
1924. 

Dewaxing. The removal from a lubricat¬ 
ing oil of the dissolved paraffin wax. 
Normally this is effected by chilling the 
oil until the wax crystallizes and then 
filtering off the crystals in a filter press or 
rotary filter. In many cases a simple 
process such as this is impossible as crystal¬ 
lization may be inhibited by certain con¬ 
stituents of the oil or the viscosity at the 
temperature of chilling may be so high that 
filtration is impossible. Under these cir¬ 
cumstances it is necessary to have recourse 
to solvents which preferentially dissolve 
the oil and at the same time reduce the 
viscosity to such a degree that the chilled 
liquid is easily filterable. 

Dewpoint. The temperature at which a 
given mixture of air and water vapour is 
saturated with respect to water vapour. 

Dewpoint hygrometer. An instrument 
for determination of the dewpoint in which 
a silvered surface is cooled by circulation of 
cold water or evaporation of ether until 
condensation of water vapour from the 
atmosphere occurs. 


Dextrine. Dcxtrins arc intermediate pro¬ 
ducts formed during the hydrolysis of 
starch to sugars. They can be divided 
into three classes: amylodextrins, which 
give a blue colour with iodine and arc 
soluble in 25 % alcohol, erythrodextrins, 
giving a red colour with iodine and soluble 
in 55 % alcohol, and achroodcxtrins which 
give no colour with iodine, and arc soluble 
in 70 % alcohol. They are soluble in 
water and strongly dextrorotatory. Dcx¬ 
trins arc manufactured by the action of 
heat and hydrolytic agents on wet or dry 
starch and arc used as adhesives, for 
example, British gum. 

Dextrose. See Glucose. 

De-zinciflcation. A form of corrosion in 
brasses resulting in the removal of zinc 
from the alloy and its replacement by a 
porous deposit of copper. Small quantities 
of tin are often incorporated to remedy 
dc-zincificntion; as in Admiralty metal 
70/29/1 and Naval brass 01/38/1. 

Diacetin. See Acetins. 

Diacetone. Sec Diacetone alcohol. 

Diacetone alcohol, C t H„O t , 

HOqCII^CHjCOCH,, 
is a colourless, odourless liquid. D*‘ 0 0300, 
B.P. 100®. Manufactured by treating ace¬ 
tone with lime, or sodium or barium 
hydroxides. It is readily decomposed by 
acids and strong alkalis. It is used as a 
lacquer solvent, particularly for brushing 
lacquers, as it evaporates slowly. It is 
also used as a dye-solvent in the printing 
trade. 

Diacetoneamine, C # H„ON, 

CH, 

CH.CO • CHjC—NH, 
d:H, 

is a colourless, strongly basic liquid, B.P. 
25°/0-2 mm. Moderately soluble in water; 
miscible with alcohol and ether. Manu¬ 
factured by treating mesityl oxide with 
ammonia; or by passing ammonia gas 
into boiling acetone. It is isolated as the 
diacetoneamine acid oxalate, a colourless 
crystalline substance, M.P. 126®-127°. De¬ 
composes on heating to mesityl oxide and 
ammonia. Reacts with sodium nitrite, 
forming diacetonc alcohol. Forms deri¬ 
vatives of y-piperidone with aldehydes. 
Used in the synthesis of 0-eucainc. 

Diacetyl, Biacetyl, C 4 H e O t , 

CH,COCOCH s , 

is a greenish-yellow liquid with a powerful 
odour. D}j 09004, B.P. 88°. Miscible 
with water, alcohol, and ether. It occurs 
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6-5-7. The crystals arc white, grey, or 
greenish-yellow, with a pearly lustre. 
They often occur as tabular scales or bladrd 
and foliated. Used as a source of alumina 
for the metal aluminium and for the manu¬ 
facture of very highly refractory bricks. 

Diastase. Sec Amylase. 

Diatomite, or Diatomaceous earth. See 
Kicsclguhr. 

Diazoacetic ester. Ethyl diazoacetate, 

N \ 

II NCHCOOCII.cn,, 

INK 

is a yellow oil. D* 4 1 083, B.P. 84°/01 mm. 
Sparingly soluble in water, soluble in 
alcohol, ether, and benzene. Prepared by 
treating a solution of glycine ester hydro¬ 
chloride with sodium nitrite and sulphuric 
acid at 0°. The ester is extracted with ether 
and distilled under reduced pressure. It 
decomposes explosively if distilled at at¬ 
mospheric pressure, or if treated with con¬ 
centrated hydrochloric or sulphuric acid. 
When treated with alkalis it forms nitrogen- 
containing ring compounds. Forms gly- 
collic acid on boiling with water. Reacts 
with alcohols to give alkoxy-aectic esters, 
and with aldehydes to give /J-kcto-cstcrs 
Esters of unsaturated acids react with it, 
forming pyrazoline carboxylic esters; these 
lose nitrogen on heating to give derivatives 
of cyclopropane. Used in organic synthesis. 

Diazoamino-compounds. These com¬ 
pounds arc most conveniently prepared by 
the condensation of a diazonium salt with a 
primary or secondary uminc in the presence 
of sodium acetate, e.g. 

C 4 H 4 N,CI + NH, • C,IIj • N, • NH • C,H, 

diazoami nobenzene. 

The diazoamino-compounds are usually 
yellow in colour, and do not dissolve in 
acid, and they can usually be isolated and 
crystallized without decomposition. When 
treated with nitrous acid two molecules of 
diazonium salt arc formed. The most 
important reaction is the intramolecular 
conversion into an azo compound when 
warmed with an amine and its hydrochloride, 
e.g. diazoaminobenzene when warmed with 
aniline containing aniline hydrochloride 
gives p-aminoazobcnzenc, 

<Z> ■ NH <Z> - 

N,-< )NH,. 

Diazo-compounds. An important class 
of compounds containing the characteristic 
group —N,— in which one valency is satis¬ 
fied by an aromatic and the other by a 
non-aromatic radical. 


The diazonium salts arc by far the most 
important diazo-compouruls. These are 
salts derived from the base R • N,—Oil, e.g. 
benzene diazonium chloride, C 4 II 4 • N,—Cl. 

They are prepared by the action of 
nitrous acid on aromatic amines. The 
amine is dissolved in excess of mineral acid 
and sodium nitrite is added slowly until a 
slight excess of nitrous acid is present. 
The reaction is usually carried out in ice- 
cold solution. The solution then contains 
the diazonium salt of the mineral acid used. 
This process is culled diazotizntion, and may 
be represented by the equation 

R • NH, • HCI + IIC1 + NaNO, 

= It N,C1 + NaCI + 211,0. 

The diazonium salts usuully decompose 
when warmed with water, to give a phenol 
and nitrogen. When treated with cuprous 
chloride, cuprous bromide, or potassium 
iodide, the diazo group is replaced by 
chlorine, bromine, or iodine respectively. 
A diazonium sulphate and hydroxylamine 
give an azimino- compound containing the 
group N,. 

The most important reaction of the 
diazonium salts is the condensation with 
phenols or aromatic umincs whereby 
intensely coloured azo compounds nre 
formed. The phenol or amine is called 
the secondary component, and the process 
of ** coupling ” with a diazonium salt is the 
basis of manufacture of all the azo dyestuffs. 
The entering azo group goes into the p-posi- 
tion of the benzene ring if this is free, 
otherwise it takes up the o-position, e.g. 
diazotized aniline coupled with phenol 
gives bcnzenc-azo-phenol. 

< >-N,CI + ■( >OH 

-d>- N 'NZ>o H - 

When only $ a molecular proportion of 
nitrous acid is used in the diazotization of 
an aromatic amine a diazoamino compound 
is formed. 

N 

Diazomethane, H 
N 

with a peculiar musty odour. It is very 
poisonous. Very soluble in ether. Pre¬ 
pared by treating a mixture of nitroso- 
methylurea and ether with cold concen¬ 
trated potassium hydroxide solution. The 
resulting ethereal solution is a convenient 
form in which to handle diazomethane. 
It is a very reactive substance, and forms 
methyl chloride with hydrochloric acid, 
acetonitrile with hydrogen cyanide, and 
methyl esters with organic acids. It 
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reacts with acyl chlorides to give diazo- 
ketones, and with esters of unsaturated 
orcanic acids to give pyrazolme carboxylic 
acids. With aldehydes a mixture of a 
methyl ketone and an olefine oxide is 
formed; the proportions depend upon the 
conditions of the reaction and upon the 
aldehyde used. Alcohols react slowly or 
not at all, but phenols form methyl 
ethers. It is a useful reagent in organic 

syntheses. .... 

Dibasic acid. An acid which has two 
replaceable hydrogen atoms, and therefore 
yields two series of salts, is termed a dibasic 
acid, e.g. H,SO„ which yields NaHSO, and 
Na,S0 4 . 

1:2:5: 6-Dibenzanthracene, C„H 14 . 


insoluble in water, but soluble in organic 
solvents and it readily liberates chlorine in 
contact with reducing agents; it is. in 
consequence, a powerful antiseptic and dis¬ 
infectant. It is employed in the form of a 
solution in chlorinated cucalyptol or chlor¬ 
inated paraffin as a dressing for wounds, and 
in the treatment of gonorrhoea. 

Dichloroacetic acid. See Chloroacctic 
acids. 

Dichlorobenzenes, C 4 H 4 CI,. 

Cl 




Crystallizes in silvery leaflets, M.P. 262°. 
A carcinogenic substance obtained from 
coal tar. 

Dibenzyl, C 14 II 14 . 

H,- 

It forms colourless crystals, M.P. 52°, 
B.P. 284®. It is insoluble in water, slightly 
soluble in alcohol, soluble in carbon disul¬ 
phide. 

It can be obtained by the action of sodium 
or copper upon benzyl chloride, by the 
action of aluminium chloride upon benzene 
and ethylene dichloridc or by heating 
benzoin or benzil. 

It is readily oxidized by chromic acid to 
benzoic acid. When heated to 500° some 
stilbenc is formed. 

. 1:2-Dibromoethane. See Ethylene di- 
bromide. 

Dicarbozylic acids are organic acids con¬ 
taining two of the acidic carboxyl (—COOH) 
groups. They form both acidic and neutral 
salts and esters; some give anhydrides by 
loss of a molecule of water between the two 
carboxyl groups. Many occur naturally 
as the free acid or an ester. They arc 
generally prepared by the oxidation of a 
glycol, hydroxy-acid, hydroxyaldehyde or 
by hydrolysis of a dinitrile or cyano-acid. 

Dichloramine is p-toluene-sulphon-di- 
chloramide, CH, • C 8 H 4 • SO, • NCI,. It is 




o-Dichlorobenzene, B.P. 179®. 

p-Dichlorobcnzene. M.P. 53®, B.P. 174°. 

Colourless liquid, or crystalline solid, in¬ 
soluble in water, readily soluble in orgunic 
solvents. 

Prepared by the direct chlorination of 
benzene in the presence of iron ns catalyst, 
the mixture of 0 - and p-isomers thus ob- 
tained being separated by fractional dis¬ 
tillation. 

Used as dyestuffs intermediates in the 
form of their nitration or sulphonation 
products. Also used as insecticides. 

0 /T-Dichlorodiethyl sulphide. See Mus¬ 
tard gas. 

Dichlorodifluoromethane, CC1,F„ is a 
colourless gas, B.P. — 30®. Manufactured 
by the action of antimony trifluoride on car¬ 
bon tetrachloride, using antimony penta- 
chloride as a catalyst Used as a refrigerant 
and in fire extinguishers and for removing 
wax from mineral oils. It is much less 
toxic than carbon tetrachloride. 

1 : 2-Dichloroethane. See Ethylene di¬ 
chloride. 

Dichloroethenes. See Dichloroethylenes. 

Dichloroethylenes, Dichloroethenes, 
C,H,CI,. There are three of these com¬ 
pounds. 1 :1-Dichloroethylene, usym - 
metrical- dichloroethylene, CH, = CC1,. is 
a colourless liquid, B.P. 37®. Insoluble in 
water, miscible with alcohol and hydro¬ 
carbons. Prepared by heating 1:1:1- 
or 1 : 1 : 2 -trichloroethylene with excess 
lime at 70 5 -80®. Polymerizes readily to an 
insoluble solid. Acetylene dichloridc, 1 : 2- 
dichlorocthylene exists in two geometrically 
isomeric forms. Cis-1 : 2-dichloroethylenc, 

Cl Cl 

/ 

C=C 

\ 

H 
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and trans -1 : 2-dichloroethylene, 

H 


Cl 

w 




arc both formed when acetylene tetra¬ 
chloride is heated with water and zinc at 
100°. The product contains about 80 % 
of the cw-form. When a mixture of equal 
volumes of ucctylene and chlorine is 
passed over activated carbon at 40° the 
trans -form is the chief product. Cis-form, 
D ,s 1 280, B.P. 60°; trans- form, D“ 1-205, 
B.P. 49°. They arc insoluble in water but 
arc miscible with hydrocarbon solvents 
and arc very similar in properties to tri¬ 
chloroethylene ; arc not affected by moisture 
or alkalis. Used as a substitute for ether 
in fat extraction. Excellent solvent for 
rubber. Has been used in a synthesis of 
thioindigo. 

^-Dichloroethyl ether, (CICHjCH^O, is 

a colourless liquid with a chloroform-like 
odour. D\° 0 1 222, B.P. 178°. Insoluble 
in water but miscible with most organic 
solvents and oils. Manufactured by treat¬ 
ing ethylene chlorohydrin with chlorine and 
excess ethylene nt 80°; or by heating 
ethylene chlorohydrin with strong sulphuric 
acid at 100°. Reacts with amines to give 
morpholines and with sodium tetrasulphide 
to give mbbcr-like plastics. It reacts with 
fused potassium hydroxide to give divinyl 
ether. Used as solvent in the chlorex 
process for dewaxing mineral oils, and for 
removing grease from textiles. 

6'ym-Dichloroisopropyl alcohol. Sec Gly¬ 
cerol dichlorohydrins. 

Dichloromethane, Methylene chloride, 
CH,Cl t , is a colourless liquid with a chloro- 
form-likc odour. D‘* 1-337, B.P. 41°. 
Insoluble in water, miscible with hydro¬ 
carbon solvents. Manufactured by the 
chlorination of methyl chloride; also pre¬ 
pared by heating chloroform with zinc, 
alcohol, and hydrochloric acid. Decom¬ 
posed by water at 200 ° to give formic and 
hydrochloric acids. Used as a solvent for 
resins, oils, fats, and waxes, for dewaxing 
mineral oils, and as a solvent in the manu¬ 
facture of cellulose acetate. It is somewhat 
toxic. 

1 : 2-Dichloropropane. See Propylene di- 
chloridc. 

2 : 3-Dichloropropyl alcohol. See Gly¬ 
cerol dichlorohydrins. 

Dichromates. See Chromates. 

Dielectric constant. The force F between 

two electric charges e, separated by a 


distance r in a vacuum, is given by F = —. 
In any other medium this relationship 
becomes F = where D is a characteristic 

LsT* 

constant of the medium called a dielectric 
constant. Dielectric constants are gener¬ 
ally measured by comparing the capacity 
of a condenser filled with the medium with 
that of the same condenser filled with air, 

DQ 

for the capacity C of a condenser = 

where Q is the charge and V the potential, 
and the dielectric constant of air is close to 
unity. 

Diels-Alder reaction. See Diene syn¬ 
thesis. 

Diels’ hydrocarbon, y-Methylcyclopen- 
tenophenanthrene, C ia !I„. 

r 

CH Cl I 
chY\h, 
cii c i—dii. 

c^Y 

Jh <? <!h 

YY 


The fundamental hydrocarbon obtained 
by hydrogenating the sterols. Its constitu¬ 
tion has been confirmed by synthesis. 

Dienes are organic compounds containing 
two double bonds. The term is usually 
restricted to double bonds between carbon 
atoms, but may, in certain cases, be applied 
to substances containing carbon-oxygen 
double bonds, such as unsaturated ketones, 
aldehydes, ketenes, etc. See Diolcflncs. 

Diene synthesis, Diels-Alder reaction. 
This reaction consists of the addition of 
an ifl unsaturated carbonyl compound 
such as an aldehyde, acid, acid anhydride, 
or ester to a conjugated diene. Isolated 
examples of the reaction have been known 
for many years, but its general nature was 
first recognized by Euler and Joscphson 
in 1920; it has since been intensively 
studied by Diels and Alder. A simple 
example of the reaction is the addition of 
acrolein to 1 : 4-butadienc, giving A 4 -tetra- 
hydrobcnzaldchydc. 


CH, 

CH, 


ch, cn'fcn, 

1 + 

II 1 

CH 

CH•CHO CH CH•CHO 

Y, 

Yl, 



Diethyl 


Diene 

„ . c„ch as maleic anhydride, 

acet>^°edi carboxylic ester and quinoncc 
may* replace the acrolein and cycl.c d.cncs 
Zme furans and coumarm the stra.ghl 
chain dienes. The reaction often occur, 
spontaneously when the two substances 
are mixed and is very useful in the syntheses 
0 ^ring compounds or for the .dent.ficat.on 
of conjugated dienes. 

Diene value. This denotes the degree of 
unsaturation in fats; it is determined by 
heating the fat with a solution of maleic 
anhydride in acetone. See Ann. Rep. of 
Applied Chem., 1936, p. 432. 

Diesel oil. A petroleum fraction em- 
nlovcd as fuel in compression-ignition 
engines. Usually has an initial boil.ng- 
pofnt of 170M80* with 50 % by volume 
distilling over below 300°. 

Dieterici’s equation. This is a modifica¬ 
tion of van der Waals* equation, in which 
account is taken of the pressure gradient 
at the boundary of the gas. It is written 

p(v _ b) * RT«-«/”*. 

where a and b are constants characteristic 
of each gas ; at relatively low pressures it 
is identical with van der Waals’ equation. 

Diethanolamine. Sec Ethanolamines. 

Diethylamine. Sec Ethylamines. 

Diethyldithiocarbamic acid, 

CH,CH,\ A 


• CH >.c< S 
,ch/ X SH 


is a colourless, unstable, crystalline solid. 
Soluble in water and alcohol. Prepared by 
adding flret diethylamine and then carbon 
disulphide to ice-cold alcohol. The acid 
crystallizes out on evaporation of the solu¬ 
tion. Forms salts with metals and organic 
bases. The sodium salt is obtained by 
neutralizing the crude acid with sodium 
hydroxide and recrystallizing the product 
from 90 % alcohol. This salt gives a 
brown colour with traces of copper salts; 
this is soluble in carbon tetrachloride, and 
is used as a means of detecting small 
amounts of copper. The zinc and diethyl¬ 
amine salts are used as accelerators in the 
vulcanization of rubber. 

1:4-Diethylene dioxide. See Dioxan. 

Diethylene glycol, 2:2'-Dihydroxydiethyl 
CH t CH,OH 

ether, C 4 H 10 O a , O/ , is a colour- 

x CH a CH t OH 

less and almost odourless liquid. D. 1*1185, 
B.P. 244-5°. Miscible with water, alcohol, 
and-chloroform; insoluble in benzene and 
carbon tetrachloride. Readily absorbs 
moisture from the atmosphere. It i9 ob¬ 
tained as a by-product in the manufacture 


of ethylene glycol by the hydration of 
ethylene oxide. Manufactured by heating 
ethylene glvcol with ethylene oxide. It 
is a’solvent for cellulose nitrate, but not for 
the acetate. Used as a softening agent for 
textile fibres, as a solvent for certain 
dyes, and as a moistening agent for 
glues, paper, and tobacco. Its esters and 
ethers are used as solvents and plasticizers 
in lacquers. 

Diethylene glycol monoethyl ether, Carbitol, 
C,H, 4 0„ CH,CH t OCH,CHjOCH,CHjOH, is 
a colourless liquid with a pleasant odour. 

09902, B.P. 202°. Miscible with 
water and most organic solvents. Manu¬ 
factured by heating ethylene oxide with 
ethylene glycol monoethyl ether under 
pressure. Used in the preparation of nitro¬ 
cellulose lacquers and laminated glass. It 
may be used to replace ethyl alcohol in 
the determination of the saponification 
value of fats and waxes. 

Diethyl ether. Sec Ether. 

Diethyl oxalate, Oxalic ester, C 4 H, 0 O 4 , 

COOCH.CH, 

ioOCH t CH, 

is a colourless liquid. D*° 1-0785,B.P. 185'4°, 
85°/ll mm. Sparingly soluble in water; 
miscible with alcohol and ether. Prepared 
by distilling a mixture of oxalic acid, 
alcohol, and carbon tetrachloride. The 
water formed by the reaction is carried off 
as the low-boiling mixture of water, alcohol, 
and carbon tetrachloride. The residue of 
ester is distilled under reduced pressure. De¬ 
composed by heating with water or dilute 
alkalis into oxalic acid and ethyl alcohol. 
Reacts with ammonia to give oxamide. 
Condenses with other esters in presence of 
sodium. Used in organic syntheses. 

Diethyl oxide. Sec Ether. 

Diethyl succinate. See Ethyl succinate. 

Diethyl sulphate,(CjHJjSO*. is a colourless 
liquid with a faint ethereal odour. 

1-180, B.P. 208° (slight dccomp.), 96°/15 
mm. Insoluble in water, miscible with 
alcohol, ether, and benzene. Manufactured 
by leading ethylene under pressure into 
100 % sulphuric acid, and then distilling 
off the diethyl sulphate under reduced 
pressure; it may also be separated by the 
addition of water and removal of the in¬ 
soluble ester. It is decomposed by boiling 
water. Reacts with hydroxy-compounds 
and amines to give ethers, estere, amines, 
and imines. One ethyl group reacts at 
temperatures between 50° and 100°, while 
both react at about 150°. Used os an 
ethylating agent in organic syntheses. 



Diethyl 

Diethyl sulphide. Ethyl sulphide, 

(CHjCH,),S, is a colourless liquid with an 
ethereal odour when pure ; usually it has 
a strong garlic-like odour. D 10 0-8308, 
B.P. 92°. Insoluble in water, soluble in 
alcohol and ether. Prepared by the action 
of potassium hydrogen sulphide on ethyl 
chloride or potassium ethyl sulphate. When 
heated at 400 a -500° it forms thiophene. 
Oxidized by nitric ncid to diethyl sulphoxide 
and diethyl sulphone. Forms additive 
compounds with metallic salts, particularly 
those of tin, mercury, and platinum. 

Diethyl sulphone, C 4 H 10 O,S, (C,H 1 ),SO„ 
crystallizes in colourless plates. M.P. 73*-74°, 
B.P. 248°. Soluble in water and benzene ; 
insoluble in petroleum ether. Prepared by 
the oxidation of a solution of diethyl sul¬ 
phide in acetic ucid by hydrogen peroxide or 
potussium permanganate. It is very stable. 

Differential flotation. The separation of 
a complex ore containing various sulphides 
such us sphalerite, pyrites, galena, etc., by 
the use of spcciflc reagents which allow 
them to be removed one at a time by froth 
flotation. 

Differential manometer. A manometer 
designed for the measurement of differences 
of pressure (c.g. between the vapour pres¬ 
sure of a solution and that of the pure 
solvent). 

Diffraction pattern. The pattern ob¬ 
tained on a photographic plate, consisting 
of a more or less symmetrical arrangement 
of rings or spots, or both, and formed by 
the passage of X-rays or electrons through 
a crystalline substance, or by their reflexion 
from a crystalline surface. Patterns con¬ 
sisting of diffuse rings arc obtained with 
non-crystalline materials. In its more 
general sense, a diffraction pattern is the 
pattern observed in a process of optical 
diffraction, c.g. with a diffraction grating. 

Diffuse double layer. The early (Helm- 
holz) theory of the electrical charge on 
colloidal particles assumed the existence of 
a compact ionic double layer, i.e. an abrupt 
potential drop between the two phases. 
This has been modified by the diffuse double 
layer theory of Gouy which assumes that 
the inner ionic layer of a sol double layer is 
probably rigid (owing to adsorbed or struc¬ 
tural ions), whereas the outer layer is 
diffuse and extends a few m/x from the 
interface. Thus a negative sol particle 
would be surrounded by an ionic sheath in 
which the proportion of positive ions 
decreases and that of negative ions in¬ 
creases with increasing distance from the 
interface. More recently Stem (1924), 
has shown that neither the sharp nor diffuse 
double layer theory is alone adequate; 
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lie has developed a view combining the 
essential characters of both. 

Diffusion. In any gaseous mixture or 
liquid solution which is kept at a uniform 
temperature, the composition eventually 
becomes uniform throughout the system, 
no matter what the original distribution was. 
This is explained on the basis of the kinetic 
theory of molecules, the spontaneous molec¬ 
ular motion leading to uniform distribution 
being termed diffusion. 

Graham showed that the rate of diffusion 
of different gases through a porous dia¬ 
phragm was inversely proportional to the 
square roots of their densities; this is the 
basis of a method of separation of gases, 
and has been applied successfully even to 
the separation of hydrogen and deuterium. 

A diffusion mechanism is also used in 
dialysis ( q.v .) as a means of separating 
colloids from crystalloids. The rate of 
diffusion of molecules in gels is practically 
the same os in water, indicating the con¬ 
tinuous nature of the aqueous phase. The 
diffusion of gases into vapours is of consider¬ 
able importance owing to its bearing on the 
operation of high-vacuum pumps of the 
mercury vapour type. 

Diffusion may also take place, although 
slowly, between solids; thus a nickel coating 
on a nickel-plated copper wire will diffuse 
into the copper at a measurable rate at 800 °. 

Digilanid A, C 4# H T4 O l# , is made up of 
digitoxosc (3 mols.), glucose (1 mol.), 
acetic acid, and the aglucone, digitoxigenin, 
C„H, 4 0 4 . Mild alkali hydrolyses the ncctyl, 
yielding purpurea glycoside A. Enzyme 
hydrolysis removes the glucose, leaving the 
glycoside digitoxin, which is converted by 
complete acid hydrolysis into digitoxosc and 
digitoxigenin. 

Digitalis lanata contains digilanid A and 
also B and C. The corresponding deacety- 
latcd purpurea glycosides arc found in D. 
purpurea. By reason of their large mo¬ 
lecular size, these digilanids arc the most 
active cardiac glycosides isolated from 
digitalis. Digilanid is claimed to be the 
only preparation of chemically pure genuine 
digitalis glycosides which has yet been 
introduced in cardiac therapy. The thera¬ 
peutic dose for man when administered 
orally amounts to a daily average of 0-75 mg. 

Digilanid B, C 4V H 74 O t0 , has the same 
sugar and acetic acid components, but the 
aglycone is gitoxigenin, C fS H >4 0 5 . Alka¬ 
line followed by enzyme hydrolysis simplify 
it to gitoxin. 

Digilanid C, C 49 H J4 O l0 , differs only in the 
aglycone which is digoxigenin, C tJ H 34 0 6 : 
the product of partial hydrolysis i9 digoxin. 
The substances are fully described and their 
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crystals illustrated by Stoll ("The Card.ac 
GIvcosides,” The Pharmaceutical Press). 

bigitalin, C, # H S 4 0 I4 . has M.P. 229 , 
r a i 4 . 14 - 2 °. It is composed of digitalose 
+ glucose + digitaligenin : it crystallizes in 
needles, and is obtained from German com¬ 
mercial digitalin. It is used for the prepara¬ 
tion of solutions to be administered by 
hvpodermic injection. Its action is that of 
digitalis, and it is employed where im¬ 
mediate action is necessary to avoid cardiac 
failure, or in cases where oral administration 
is inadmissible. 

Digitalis consists of the dried leaves of 
Digitalis purpurea, the common foxglove. 
It is a valuable heart tonic, and causes the 
heurt to beat more slowly, more strongly, 
and more regularly; it thus increases the 
flow of blood and at the same time rests the 
heart’s muscles. Digitalis also exerts a 
diuretic action due to the increased supply 
of blood to the kidneys. Digitalis prepara¬ 
tions arc standardized by biological methods 
of assay. 

Digitalis glycosides arc examples of the 
cardiac poisons widely distributed in plants. 
They arc found in the seeds and leaves of 
D. ianuta and D. purpurea; originally they 
arc present as a mixture of complex glyco¬ 
sides containing several sugars which, when 
extracted with the necessary precautions to 
prevent partial hydrolysis, can be separated 
by fractional partition between different 
solvents. They contain the unusual sugars 
digitoxose and digitalose (q.v.). Their C„ 
agluconcs. to which their cardiac activity is 
due, are of highly complex structure ; they 
possess the same carbon skeleton as stro¬ 
phanthidin and other cardiac glycoside 
agluconcs. They are made up of a system 
of 4 carbon rings, viz. the same cyclo-pen- 
tanophenanthrene framework as is found in 
the bile acids and sterols. They contain a lac¬ 
tone group with 4 carbon atoms, a carbonyl 
group which forms part of an aldehyde, a 
secondary hydroxyl which can be acylated, 
and two other hydroxyls. (See Kon, Chem. 
Soc. Annual Reports, 1934, 218-240.) 

The individual members are digitalin, 
digitonin, digitoxin, digoxin, gitalin, gitonin, 
gitoxin, oleandrin, and the primary digil- 
anids. 

Digitalose, C 7 H I 4 0 4 , is the interesting 
sugar constituent of digitalin. It is a 
methoxy methyl pentose, and its constitu¬ 
tion has been so far elucidated as 
OH H 

CH, • CH(OH) • C • CH(OH) • C • CHO 
H OCH, 

Digitonin, CjjHjgO,,, has M.P. 235°, and 
consists of 4 galactose -f- xylose -f- digito- 
genin. It is the principal constituent of 

12 


commercial German digitahn, and crystal¬ 
lizes in crusts of slender needles, it is 
poisonous but has not the same action on 
the heart as digitalis. 


Digitoxigenin, C„H, 4 0 4 . 


_ _ _ A cardiac aglu- 

cone obtained by hydrolysing digitoxin. 

CH,—C-O 
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c 4 l H 44 o 
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has M.P. 203° 


Digitoxin. 

[a] D + 32-6°. 

It is composed of 3 digitoxose + digitoxi¬ 
genin. It is the chief component of 
*• Native!le's crystallized digitalin." It crys¬ 
tallizes in thin anhydrous prisms. Commer¬ 
cial digitoxin contains n small proportion of 
gitoxin, C 4 I H 44 O i4 , another digitalis glyco¬ 
side. Digitoxin is insoluble in water, and 
is the most toxic of the digitalis glycosides ; 
it possesses the physiological properties of 
digitalis, and is administered in pills or by the 
hypodermic injection of a solution in oil or 
in a mixture of alcohol, glycerin, and water. 

Digitoxose, C 4 H„0 4 , the 2 -dcsoxy sugar 
(with a CH, group) present in several of the 
heart-specific glycosides of the foxglove, has 
been shown to have the formula 

II H II 

CH, C • C • C • CH, • CIIO 
OH OH OH 

It has M.P. 106° and [<x] D + 46°. 

Digoxin, C 4 l H 44 0, 4 , has M.P. 205°, 
[a] D + 13-3°. It consists of 3 digitoxose + 
digoxigenin. 

Dihydric alcohols. See Glycols. 

Dihydrocarveol, C 10 H U 
active monocyclic terpenc 
alcohol, the /-form of which 
occurs in caraway oil. It 
is formed by the reduction 
of carvone with sodium 
and alcohol. It contains 3 
asymmetric carbon atoms, 
and the alcohol prepared 
from d- or /-carvone is 
a mixture of stereoiso- 
merides. /-Dihydrocarveol 
from caraway oil showed 
the following constants : 

B.P. 100°-102°/7-8 mm.. 


O. An optically 
CH, 

(III 

H, A HOH 
H,i CH, 

N £h 

J 

/\ 

H,C CH, 
d” 0-9308,. n*° 
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1*4830, [*] D — 6-14°. (/-Dihydrocarvcol, 
prepared by the reduction of d-carvone, 
showed B.P. 222°-225 > and 112*‘/14 mm., 
<P° 0 027, n D 148108, [x] D + 30 50°. d- 
and /-dihydrocarveol yield phenylurcthancs 
of M.P. 87®, that from the racemic form 
melting at 03’. 

Dihydrocarvone, C l0 II„O. An optically 
active terpene ketone, the 
/-form of which is present 
in caraway oil. /-Dihydro- 
carvonc is formed by the 
reduction of d-carvonc with 
zinc dust in presence of alkali. 

It contains two asymmetric 
carbon atoms, and should 
therefore exist in two d- and 
two /-forms, and in two 
racemic forms. In actual 
fact, only one d- and one 
/-form, together with the corresponding 
racemic form, have been recorded. It is a 
colourless oil of aromatic odour. A sample 
of the natural ketone showed the constants : 
B.P. 221°(735*5 mm., d lt 0*0207, n' D ° 1*47107, 
(a] D -108 ! . It forms characteristic oximes, 
those from the d- and /-forms melting at 
88"-80°, from the racemic form at 115*-110°. 
It can be separated in the form of a crystal¬ 
line compound with sodium bisulphite. 



. 011,011 

Dihydroxyacetone, CO , is a colourless 

:h,oh 


crystalline solid ; the crystals have the 
formula (CjH.O,),. M.P. about 80°. Sol¬ 
uble in water, hot alcohol, or ether, in¬ 
soluble in petroleum ether. Obtained by 
the action of the acetic acid bacteria on 
dilute solutions of glycerol. Forms an 
insoluble bisulphite compound. Reduces 
Fehling’s solution, and is reduced to gly¬ 
cerol. When treated with a 1 % solution 
of sodium or barium hydroxides, it gives 
a-acrosc ((//-fructose). 

2:2 / -Dihydroxydiethyl ether. Sec Diethyl¬ 
ene glycol. 

Dihydroxymalonic acid. See Mesoxalic 
acid. 

3 : 4-Dihydroxyphenylalanine (Dopa), 
c#h,,o 4 n. 

NH, 

—CH,. dll. COOH 

Crystallizes in prisms, M.P. 282°, with de¬ 
composition. Soluble in water, insoluble 
in alcohol. The naturally occurring sub¬ 
stance is lsevorotatory, [a]” — 14*28°. It 
is an amino-acid isolated from various plant 



sources, but not found in the animal body. 
It is formed from tyrosine as the lirst stage 
in the oxidation of tyrosine to melanin. 

1 : 2-Dihydroxypropane. See Propylene 
glycol. 

Dihydroxytartaric acid, C,H«0„ 

HOv 

>C • COOII 
IKK 

“SA • COOII 
IKK 


is a colourless, crystalline solid, M.P. 114°. 
115°. Soluble in water, alcohol, and ether. 
Prepared by treating dihydroxymaleic acid 
with bromine in glacial acetic acid solution 
and evaporating the liquor after adding a 
little water. Also prepared by treating 
tartaric acid with a mixture of nitric and 
sulphuric acids; the resulting tartaric acid 
dinitrate is neutralized with sodium car¬ 
bonate and allowed to stand. Sodium 
dihydroxy-tartrntc is slowly precipitated. 
The acid behaves in some ways as if it were 
a dikcto-acid. Forms esters of diketo- 
succinic acid with alcohols. Decomposes 
when heated above its melting-point, giving 
tartronic acid, carbon dioxide, glyoxal, and 
oxalic acid. Forms an osazonc with phenyl- 
hydrazine. The sodium suit is very insoluble, 
and is used as a means of estimating sodium. 

3:5- Diiodotyrosine, Iodogorgic acid, 
C.H.O.NI,. 

OH 



Pale straw-coloured needles, M.P. 198°. It 
is found in certain marine organisms, such 
as corals and sponges, and in the thyroid 
gland, where it is believed to be the pre¬ 
cursor of thyroxine. About half the total 
iodine of the thyroid gland is present as 
diiodotyrosine and the thyroid hormone is 
probably a compound of diiodotyrosine, 
thyroxine, and other amino-acids. 

Diisopropyl ether. See Isopropyl ether. 

Diisopropylideneacetone. See Phorone. 

Diketones are organic compounds con¬ 
taining two keto (>C=0) groups. They 
are classified according to the number of 
carbon atoms separating the two keto 
groups, a- or 1 : 2 -diketones are formed 
from their mono-oximes, the isonitroso- 
ketones, by boiling with dilute sulphuric 
acid. The aliphatic a-diketones are yellow 
oils with pungent odours, while the aromatic 
diketones are crystalline solids. They 
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react characteristically with o-phenylcne- 
diamincs to give quinoxalines; they form 
mono and dioximes with hydroxylanune and 
osazoncs with hydrazines. 0- or 1 : 3-dike- 
tones (R—CO—CH,—CO R) are obtained 
by the reaction between an ester and a 
ketone in presence of metallic sodium or 
sodamide. They show acidic properties 
and form metallic salts, many of which arc 
insoluble in water but soluble in organic 
solvents. These diketones can exist in 
keto and enol forms like acetoacctic ester. 
They react with phenyl hydrazine to give 
pyrazolcs, and with hydroxy lamine to 
give iso-oxazolcs. y- or 1 :4-dikctones 
(R—CO—CH,—CH,—CO—R) are formed 
by treating acetoacctic ester in the form of 
its sodium derivative with a-bromoketones 
and hydrolysing the product. They readily 
form ring compounds. 

2 : 5-Diketopiperazine, Glycine anhydride. 
C 4 H«0,N,. Crystallizes in plates, 
subliming at 200 ° ; sparingly 
soluble in water; hydrolysed by 
alkalis or mineral acids to 
glycyl-glycinc. It and substituted 
diketopiperazines are formed 
by the condensation of amino- 
acids, and are obtained in small 
quantities on the hydrolysis of proteins. 
Diketopiperazine rings arc probably present 
in the protein molecule. 

Diketosuccinic acid 

Q=C COOH 


NH 

co\:h 3 
diH. io 

Yh 


oJ 


COOH 

is not known in the free state. Its esters are 
formed by treating dihydroxytartaric acid 
with alcohols and a mineral acid. Saponi¬ 
fication of these esters gives dihydroxy¬ 
tartaric acid. 

Dilute. A solution is said to be ’dilute 
when it contains only a small proportion of 
the dissolved substance. 

Dilution, infinite. The proportion of an 
electrolyte dissociated into ions increases 
with the dilution of the solution, and conse¬ 
quently the equivalent conductivity increases 
and approaches a limiting value which is 
termed the equivalent conductivity at 
infinite dilution. 

Dimedon, Dimethyl-dihydro-resorcinol 
C,H„O t . Greenish-yellow 
needles or prisms, M.P. 148°- 
149°, sparingly soluble in cold 
water. It is used as a method 
of fixing and identifying form¬ 
aldehyde and acetaldehyde, 
with which it gives crystalline 
condensation products, and for 
detecting alcohol after it has 
been oxidized to acetaldehyde. 


CH, 


dH f VS bH # 

k 


CO 


\ 




Dimethylbutadiene 


The 


it 


N(CII,), 

/\ 


V 


OH 


Dimedon test for ethyl alcohol, 
liquid suspected of containing ethyl alcoho 
is oxidized with potassium dichromate and 
sulphuric acid and then distilled into an 
ice-cold solution of dimedon in water. The 
crystalline solid, if formed, is filtered off, 
dried, and its melting-point determined. 
The compound derived from ethyl alcohol 
melts at 141-5°. Other alcohols give 
products having different melting-points. 

Dimer. See Polymer. 

Dimeride. Sec Polymer. 

cis-Dimethylacrylic acid. Sec Tiglic acid. 

Dimethylamine. See Methylamincs. 

Dimethyl-m-aminophenol, C*II„ON. 
forms colourless needles, M.P. 

87°, B.P. 265°-268°. Insoluble 
in water, easily soluble in alcohol, 
ether, and benzene. It dis¬ 
solves in acids and alkalis. 

It is prepared by caustic soda 
fusion of dimcthylanilinc-m-sulphonic acid, 
or by heating in an autoclave at 125° a 
mixture of resorcinol, dimethylamine sulph¬ 
ite and dimethylamine solutions. 

Other alkyl-m-aminophcnols arc com¬ 
monly used, and are prepared by analogous 
methods. They are used as intermediates 
in the preparation of pyroninc and rhod- 
aminc dyestuffs. 

Dimethylaniline, C,H„N. Colourless oil 
of characteristic smell, B.P. 193°, 
density at 20° 0 9575. Insoluble 
in water, miscible with most or¬ 
ganic liquids, volatile in steam, 
soluble in dilute acid solutions. 

It is prepared by heating ani¬ 
line with methyl alcohol and a little 
phuric acid at 215° in an autoclave. 

It condenses with bcnzaldchvdc to give 
the leuco base of a triphcnylmethane dye, 
e.g. malachite green. With formaldehyde 
gives diphenylmethane derivatives. Nitrous 
acid gives p-nitrosodimcthylanilinc. Also 
used as a solvent and as a second component 
in a few azo-dyes. 

2:3-Dimethylbutadiene, /?y-Dimethylbuta- 
diene, C*H 10 , 

CIIj=C-C=CH ? 

CH, CH, 

is a colourless liquid, D 10 0 7262, B.P. 69 5°. 
Insoluble in water; miscible with hydro¬ 
carbon solvents. Manufactured from ace¬ 
tone by converting this to pinacone and 
passing its vapour over heated potassium 
hydrogen sulphate. Exhibits the typical 
properties of diolefines. Forms a crystal¬ 
line compound with maleic anhydride, 
which has M.P. 78°-79°. Slowly changes to 
a rubber-like substance, which change is 


N(CH 3 ), 


sul- 



Dimethylglyoxime 


Dioleflnes 


hastened by contact with metallic sodium 
or peroxides. Used in the manufacture of 
artificial rubber. 

Dimethylglyoxime, Diacetyl dioxime, 

c 4 h,o,n„ 

CH, • C : NOH 
CH, C:NOII 

crystallizes in colourless, shining needles, 
M.P. 234°; begins to sublime at 215°. In¬ 
soluble in water; soluble in alcohol. Pre¬ 
pared by the action of hydroxylaminc on 
diacetyl; or by treating methyl ethyl 
ketone with ethyl nitrite and hydrochloric 
acid. The diacetyl mono-oxime so formed 
is then treated with sodium hydroxylamine- 
mono-sulphonate at 70° and the dimethyl 
glyoximc filtered off. It slowly poly¬ 
merizes ; condenses with o-phenylencdia- 
minc to give quinoxaline derivatives. 
Forms a dark-red crystalline solid when 
added to a solution of a nickel salt. This is 
insoluble in water and acetic acid, but 
soluble in mineral acids and alcohol. It 
contains 20-31 % nickel and has the com¬ 
position 

O O 

H.C C—Nv .N—CCII, 

viXIi.c, 

oh Ah 

Under appropriate conditions it can be used 
for the detection of bismuth, copper, 
cobalt, and palladium. Used chiefly for the 
detection and estimation of nickel. 

Dimethyl oxalate. See Methyl oxalate. 

Dimethyl sulphate, (CH,),S0 4 , is a colour¬ 
less and odourless liquid. Its vapour is 
extremely poisonous, and any of the liquid 
spilled on the skin should be washed off 
with dilute ammonia. D u 1-335, B.P. 188°. 
Insoluble in water, soluble in alcohol, ether, 
and benzene. Prepared by adding absolute 
methyl alcohol to chlorosulphonic acid 
cooled to — 10°. The ester is distilled 
under reduced pressure. It reacts with 
amines and ammonia to give methylamines, 
with phenols to give methyl ethers and with 
organic acids to give methyl esters. If the 
reaction is carried out below 100 °, only one 
CH, group reacts, but at about 140° both 
groups react. Used as methylating agent 
in organic synthesis. 

CH,(X 

Dimethyl sulphite, >5=0, is a 

CH,(K 


colourless liquid with a faint odour. Dg 
1-242, B.P. 120°. Insoluble in water, 
miscible with alcohol, ether, and benzene. 


Prepared by boiling methyl alcohol with 
thionyl chloride and distilling the product. 
Decomposed by boiling water to methyl 
alcohol and sulphur dioxide. It reacts 
with organic acids, amines, and alcohols to 
give methyl esters, methylamines, and 
methyl ethers. Used as a methylating agent 
in organic syntheses, it has the advantage 
that the sulphurous acid produced in these 
reactions breaks up into water and sulphur 
dioxide, which can readily be removed. 

Dimorphism. The property possessed by 
certain crystalline materials of existing in 
two distinct crystalline forms ; such sub¬ 
stances arc said to be dimorphous. 

m-Dinitrobenzene, C 4 H 4 0 4 N,. It forms 
colourless crystals, M.P. 80-8°, 

B.P. 302°. Readily soluble in NO* 
alcohol and benzene, insoluble / \ 
in water. Very poisonous. 

It is prepared in good yield by IJ.NO, 
the direct nitration of benzene or 
nitrobenzene, only small quantities of the 
o- and p-dinitro-compounds being produced. 

It is much used as an intermediate in the 
preparation of m-nitroanilinc and m-phcnyl- 
cncdiaminc.* 

Dinitrosoresorcinol. A nitroso dye pre- 
O NOH 


HON 


pared by the action of nitrous acid on 
resorcinol at 5M0 9 , is yellowish-brown, 
but forms an orange lake with cobalt, a 
bright brown lake with nickel, a green lake 
with iron. This last is fast to light and 
washing, and mixed with alizarin gives 
fast black shades. 

2 : 4-Dinitrotolnene, C 7 H,0 4 N,. It forms 
colourless needle-shaped crys¬ 
tals, M.P. 71°. Sparingly soluble (jH, 
in cold alcohol and ether, easily * 
soluble in benzene. | NU * 

It is prepared by the nitration 
of the mixture of mononitro- \/ 
toluenes obtained by mildly ni- NO, 
trating toluene. 

It is used for the preparation of the corre¬ 
sponding mono- and di-amino-compounds. 

Dioleflnes arc hydrocarbons containing 
two double bonds. They are divided into 
three classes, according to the position of 
the double bonds. Compounds of the type 
—CH=C=CH— are called allenes after 
the simplest member of the series. They 
are said to have “ twinned ” double bonds. 
They react in most cases normally, that is, 
each double bond is unaffected by the 
proximity of the other; they arc converted 
by heating into the isomeric acetylene by 
a shifting of the bonds. Compounds of 



Dipole 
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the type — CH=CH—CH=CH are said 
to have "conjugate’* double bonds and 
react somewhat differently from the other 
diolefines. For instance, bromine or hydro- 
C en is often added so that a product of 
the type -CHBr_CH=CH_CHBr- U 
formed. Also, these hydrocarbons react 
with maleic anhydride to give derivatives 
of tetrahydrophthalic anhydride. They 
show a tendency to form rubber-like poly¬ 
mers. Hydrocarbons not falling into these 
two classes arc said to have “isolated 
double bonds and each reacts normally. 
See Olefines and Butadienes. 

Diosphenol. See Buchucamphor. 

Dioxan, 1: 4-Diethylene dioxide is a colour¬ 
less liquid with a faint and r n m 
not unpleasant odour, D* # , 1 «.* 

10820, - M.P. 11°, B.P. o 

101-5°. Miscible with / 

water and organic solvents. CH.CH, 

Manufactured by heating 
ethylene glycol with concentrated sul¬ 
phuric acid; by passing ethylene oxide 
over solid sodium bisulphate at 120 ° ; or by 
heating formaldehyde in presence of ferric 
chloride. Dioxan is definitely toxic, and 
possesses a hemolytic action on red blood- 
cells. It forms crystalline double com¬ 
pounds with halogens, metallic chlorides, 
and nitric and sulphuric acids. Treatment 
with ucetic anhydride in the presence of 
ferric chloride gives dicthylene glycol 
diacetatc. Forms a constant-boiling mix¬ 
ture (B.P. 88°) with 20 % water. Used as 
absolvent for cellulose acetate, resins, waxes, 
and many inorganic substances. 

Dipentene. Sec Limonenc. 

Diphenyl, C, t H, t . 

V _2' 2 3 

4 X 
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Large lustrous, colourless laminc, M.P. 
70-5°, B.P. 254°. Insoluble in water, 
soluble in alcohol. It is prepared from 
sodium and bromobenzene, or by passing 
benzene vapour repeatedly through an iron 
tube heated to 720°, or by the action of 
chromic or cupric chlorides upon magnesium 
phenyl bromide. 

On oxidation gives benzoic acid; on 
nitration gives 4 : 4 / -dinitrodiphenyl. 

Diphenylamine, C„H n N. 


Colourless leaflets, M.P. 54°, B.P. 302°. 
Insoluble in water, soluble in methyl and 
ethyl alcohols, and in ligroin. 

Prepared by heating aniline and aniline 
hydrochloride in an autoclave at 200 °. 


It is only weakly basic, its sails with 
mineral acids being hydrolysed by waiter. 
Gives characteristic blue colour when 
treated in sulphuric acid solutioni with 
nitrites. It is also slightly acidic, and gives 
an N-potassium salt. 

Its chief use is as a second component in 
monoazo dyestuffs. 

Diphenylguanidine, C 13 H„N,. 

-NH • C( = NH) • NH 


Monoclinic, colourless needles, M.P. 147°. 
Slightly soluble in cold water, easily soluble 

in alcohol. .... > 

Prepared by the action of litharge and 

ammonia on thiocarbanilide. 

Extensively used as a rubber accelerator, 
particularly when mixed with other accel¬ 
erators, such as zinc diethyldithiocnrbamatc. 

Diphosgene. See Trichloromethyl chloro- 
formatc. 

Dipicrylamine, hexanitrodiphenylamine. 


O.N 



Crystallizes from acetic acid in yellow prisms, 
M.P. 234°. It is insoluble in wutcr and 
ether, but forms water-soluble sodium and 
ammonium salts. Prepared by treating 
diphenylamine with nitric acid. It is 
poisonous and explosive. The formation 
of an orange red, insoluble potassium salt 
has been made the basis of a delicate spot 
test for potassium. The ammonium salt, 
under the name of aurantia, is used as a 
dyestuff in certain light filters and as a 
microscopical stain. 

Dipole moment. If in a molecule the 
centre of action of the positive portions 
(protons) docs not coincide with that of the 
negative portions (electrons), the molecule 
may act like a rod carrying a negative and 
positive charge at either end. Such a 
molecule will tend to orient itself in an 
electrical field, and is said to have a dipole 
moment whose magnitude /x = es, where e 
is the charge on one end, and s the distance 
separating the charges. Dipole moments 
give considerable information about the 
constitution of a molecule. Thus atoms 
themselves clearly have no dipole moment, 
because the centre of action of the positive 
portion (nucleus) is surrounded by a 
symmetrical arrangement of electrons. In 
a molecule AB, however, the atom A may 
have a greater share of the electrons forming 
the valency bond than has atom B. Hence 
the molecule has a dipole moment. In more 
complex molecules consisting of three or 
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more atoms the dipole moment is clearly a 
measure of the symmetry of their arrange¬ 
ment. It is also possible to determine the 
moment associated with various linkages, 
and hence to determine the distribution of 
polarity in the molecule, and obtain valuable 
information concerning its structure. 

Diradical. A molecule possessing two 
separate free valencies, c.g. 


(C*H 4 )jC • C,II 4 • [CII,], • C c H| 


C(C,II 4 ),. 


Direct ammonia-recovery process. In 
order to recover the ammonia present in 
coni gas the whole of the gas in this process 
is passed into the bath of sulphuric acid. 
Ammonium sulphate is formed and re¬ 
covered ns in the semi-direct process. In 
one system the gas is sent directly into the 
sulphuric acid bath before condensation of 
water has begun and no ammonia liquor as 
such is made at all. In this case the tar 
is usually removed by electrostatic methods. 

Direct humidifier. Prior to the introduc¬ 
tion of modern air-conditioning plant, it was 
usual to increase the atmospheric humidity 
by spraying with water through an atomizer 
or other suitable distributing device. This 
method is still employed where very high 
humidities are required, especially if ventila¬ 
tion and temperature control arc secondary 
considerations. 

Direct or substantive cotton dyes (Salt 
colours). These substances arc for the 
most part azo-compounds derived from 
benzidine or from bases which arc similar to 
benzidine in their constitution. They dye 
cotton and cellulose rayon direct from a 
neutral bath containing a salt such as 
sodium sulphate. They are inferior with 
regard to brilliance to basic dyes and to 
mordant dyes in fastness. Many of these 
cotton dyes also dye wool. The dyeing 
method is the same as that of the acid 
dyestuffs. The property of direct cotton 
dyes can be correlated with the chemical 
structure of the dye along definite lines, and 
is dependent upon the nature of the primary 
component (diazotized base) rather than on 
that of the secondary component. They 
may be divided into three main classes: 
(1) Dyes from tctrazo-compounds ; (2) 

Dyes from J ” acids; (3) Dyes from 
heterocyclic substances. 

Disaccharides. Sugars derived from 
monosaccharides by the elimination of a 
water molecule from two monosaccharides. 

Disacryl is a white translucent solid 
formed by the polymerization of acrolein. 
Polymerization occurs when acrolein is 
allowed to stand, but is more rapid in 
presence of traces of alkalis or cyanides. 


Di8azo dyestufls. This group can be 
divided into “ Primary " and “ Secondary ” 
disazo dyestuffs. The “ primary" arc 
dyes formed by the successive action of 
two similar or different diazo salts—ob¬ 
tained by the diazotization of mono¬ 
amines—on an amine, phenol, or amino- 
phenol, whereby the two diazo groups are 
attached to different carbon atoms of the 
secondary component. The “ secondary ” 
are compounds made by the combination 
of diazotized nmino-azo dyestuffs with 
amines and phenols. They arc used in the 
dyeing of wool and cotton. Typical 
examples are: Naphtol Blue Black, 
Resorcin Brown, Biebrich Scarlet, Diamond 
Black F, etc. 

Discharge tube. The vessel, usually a 
glass bulb or tube containing two metal 
contacts, in which the passage (i.c. the 
discharge) of electricity occurs through a 
gas or va|K>ur, is called a discharge tube. 

Disc grinder. The size reduction is 
carried out between two plutes, one sta¬ 
tionary and the other revolving rapidly. 
Suitable grinding surfaces arc often mounted 
on the plates, so that they arc easily re¬ 
newable. The gap between the plates is 
uniform throughout, unlike the Symons disc 
crusher, and is adjustable. Also occasion¬ 
ally known os an attrition mill. 

Diselenotrithionic acid, lI s Sc,S(V An 
exceedingly unstable aqueous solution of 
the acid is obtained by the reaction of 
excess of sclenious acid on sulphurous acid : 
2H.SO, + 2H,ScO, - 

IIjScjSO, -f H,SO, + 211,0. 

Disperse-phase rule. The solubility of a 
substance dispersed in molecular or ionic 
form is independent of the actual quantity 
present, assuming that there is sufficient for 
saturation ; the “ solubility ” of colloidally 
dispersable substances, on the other hand, 
generally increases with the total amount of 
material present until a maximum is 
reached, and then decreases once more. 
This relationship was termed the Disperse- 
phase rule • by Wo. Ostwald, and applies 
also to emulsions and to the swelling of gels. 

Dispersing agent. A material used in the 
production of emulsions or dispersions of 
incompatible liquids or liquid/solid systems. 
The dispersing agent may lower the surface 
tension existing between the components 
(surface tension depressant) or may increase 
the viscosity of the continuous phase (pro¬ 
tective colloid). 

Dispersol colours. A class of acetate silk 
dyestuffs in which unsulphonated water- 
insoluble azo-compounds (e.g. Sudans) are 

• BodenkOrperregcl. 
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made into a “dispersed paste" (»emi- 
colloidal suspension) with water and dyed 
direct on to the acetate s.lk in which they 
are readily soluble. If the compound thus 
introduced has a free amino-group, it may 
be further diazotized and coupled with a 
secondary component, e.g. Dispersol Yellow 
3GS is obtained by coupling diazotized 
aniline with 1 : 3 -dihydroxyqumoIine. The 
product dyed from a colloidal solution gives 
a pure lemon-yellow shade. 

Dispersol Diazo Black AS probably has 
the constitution 


(CH,),N- 


-N-N 


-NH, 


It is diazotized on the fibre and coupled 
with 2-hydro xy-3-naphthoic acid to give a 
bluish-black shade. 

Dissociation. The process whereby a 
molecule is split up into simpler fragments, 
which may be other molecules, atoms, free 
radicals, or ions. The term is widely 
used, particularly in connexion with ionic 
dissociation, thermal dissociation, and 
photo-chemical dissociation. 

Distillation. The separation of the com¬ 
ponents of a mixture of two or more liquids 
by virtue of the difference in their vapour 
pressures. When such a liquid mixture is 
volatilized, the vapour evolved is richer 
in the more volatile components, and the 
residual liquid richer in the less volatile 
components. The use of a single vaporiza¬ 
tion to partially separate the mixture is 
termed simple distillation. 

Distillation column or still. Plant in which 
the process of distillation is carried out. 

Distribution law. Another name for the 
Partition law (q.i>.). 

Ditellurous acid. Sec Tellurous acid. 

Diterpene. Diterpenes are unsaturated 
hydrocarbons of the empirical formula, 
C,oH„, which may be considered as di- 
merides of the terpenes. They may con¬ 
tain one or more closed carbon rings. The 
term is also applied to their simpler deriva¬ 
tives. They are mostly vegetable products. 
A typical diterpene is a-camphorene. Phytol 
and abietic acid are diterpene derivatives. 

Dithionic acid. See Polythionic acids. 

Dithio-oxamide. Sec Rubeanic acid. 

Dithizone, diphenylthiocarbazone, 

CjjHjjNjS, 

is obtained as / \ v » v- 

a blue - black \_/ \/- = c 

solid decom- / \ . Tir x .,,/ 

posing at 165° 

169°. 


NH • NH' 


It is 

insoluble in water, but soluble in alkalis 
and chloroform. Prepared by a series of 
reactions from phenylhydrazine and carbon 


disulphide. When a chloroform solution 
of dithizone is shaken with an alkaline 
aqueous solution of heavy metal salts 
these metals form co-ordination complexes 
with the dithizone and pass into tne 
chloroform layer. The presence of potas¬ 
sium cyanide inhibits the reaction with all 
metals except lead, bismuth and thallium. 

It is used for the extraction and estimation 
of lead in presence of heavy metals which 
would otherwise interfere with normal 
analytical procedure. 

Divers’s liquid. Sec Ammonium nitrate. 

Divinyl acetylene, C,H„ 

CII,: CH • C • C • CH: CH„ 

is a colourless liquid which turns yellow on 
exposure to the air ; it has a distinct garlic- 
like odour, DJ° 0-7851, B.P. 83-5°. Manu¬ 
factured by the controlled, low-temperature 
polymerization of acetylene, in the presence 
of an aqueous solution of cuprous and am¬ 
monium chlorides. It is very dangerous to 
handle, as it absorbs oxygen from the air to 
give an explosive peroxide. When heated 
in an inert atmosphere, it polymerizes to 
form first a drying oil and finally a hard, 
brittle resin insoluble in all known solvents. 
Reacts with chlorine to give a mixture of 
chlorinated products used as drying oils and 
plastics. 

Divinyl ether, (CH a : CH),0. is a colourless, 
volatile liquid with a characteristic odour, 
B.P. 28-3°. Insoluble in water; miscible 
with alcohol and ether. Manufactured by 
reacting pp-dichlorocthyl ether with fused 
potassium hydroxide in an atmosphere of 
ammonia; or by heating the ether under 
pressure with a solution of potassium 
hydroxide in ethylene glycol at 210°-240°. 
It is readily oxidized by light and air to 
formaldehyde and formic acid: this re¬ 
action is inhibited by the addition of 0 01 % 
a-naphthylaminc. It slowly polymerizes to 
a jelly. 

Dixon, Harold Baily (1852-1930). Born 
in London, Dixon was educated at West¬ 
minster School, from which he obtained a 
classical scholarship at Christ College, 
Oxford. There he studied both classics and 
science and, in 1879, was appointed to a 
lectureship. In 1886 he went to Man¬ 
chester as successor to Sir Henry Roscoe at 
Owens College. His work upon gaseous 
explosions opened a new era in combustion 
research. See J. Chem. Soc., 1931, p. 3349. 

Dobbie, Sir James Johnston (1852-1924). 
A native of Glasgow, Dobbie graduated in 
Arts at that University before studying 
science, first at Edinburgh and then, under 
Kolbe and Wiedemann, in Germany. In 
1884 he was appointed professor of chemistry 
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in University College, Bangor, where he 
fostered the application of chemistry to 
agriculture. His administrative ability was 
recognized by his appointment, in 1003, as 
Director of the Hoyal Scottish Museum and, 
in 1000, as head of the Government 
Laboratory. He was knighted in 1015. 
See J. Chem. Soc., 1024, p. 2081. 

Dobereiner, Johann Wolfgang (1780- 
1840). Born at Hof near Jena, Dobereiner 
studied pharmacy at Munch berg and early 
developed great ability for chemical re¬ 
search. In 1810 lie was appointed professor 
of chemistry at Jena. In 1820 he announced 
the existence of “ triads ” among the 
elements ; other problems which he studied 
included fermentation and pneumatic 
chemistry. 

Doctor treatment. A process employed 
in the sweetening of petrols and kerosenes 
by treating with a sodium plumbitc solu¬ 
tion, thus converting mercaptans, which 
give the product a disagreenblc odour, to 
less noxious compounds. 

A modification of this reaction is used to 
test for the presence of mercaptans in 
petroleum fractions (the Doctor test). 

Dodecyl alcohol. Sec Lauryl alcohol. 

Dodge crusher. See Jaw crusher. 

Doebner-Miller reaction. Condensation 
of an aromatic amine with an aldehyde or 
ketone in the presence of hydrochloric acid 
to form a quinoline derivative. This is a 
general method, and has been used to 
prepare n large number of substituted quino¬ 
lines. Thus aniline and paraldehyde give 
2 -methylquinolinc (quinaldine) and p-phene- 
tidine. The mechanism of the reaction has 
been elucidated by Mills, Harris, and 
Lambournc ( J.C.S ., 1021, 119, 1294). 

Dolomite is the double carbonate of 
magnesium and calcium, MgCOjCaCO,. 
The purest form of the mineral, sometimes 
termed *' dolomite spar,” forms colourless 
or white rhombohedral crystals, sp. gr. 
2-85, hardness, 3-5-4. The term is more 
loosely used for all mixtures of the two 
carbonates in the very common ** dolomite 
rock ” or magnesian limestone, which is 
used for building purposes and for the 
basic linings of Bessemer converters and 
open-hearth steel furnaces. It is one of 
the most important raw materials for the 
production of magnesium and its salts. 

Donnan, Frederick George (1870- ). 

Born at Holy wood, Co. Down, Ireland, 
Donnan was educated at Queen’s University, 
Belfast, and later studied at Leipzig, Berlin, 
and London. In 1904 he was appointed 
professor of physical chemistry and director 
of the Muspratt Laboratory, Liverpool, and 
in 1913 became professor of chemistry, 


University College, Ix>ndon. His researches 
have been in the field of physical chemistry, 
particularly chemical kinetics. lie was 
elected F.R.S. and created C.U.K. in 1920. 
In 1928 he was awarded the Davy Medal of 
the Hoyal Society. He was President 
of the Chemical Society 1037-1939. 

Donnan’s theory of membrane equilibria. 
This concerns the distribution of ions on 
each side of a membrane separating two 
portions of a solution of an electrolyte, e.g. 
NaCI, in water ; on one side of the mem¬ 
brane an electrolytic colloid, c.g. Congo red, 
is introduced, the molecules and anions of 
which cannot pass through the membrane. 
The distribution of the NnCl on the two 
sides of the membrane will be unequal and 
the inequality can be mathematically cal¬ 
culated. The theory is of importance in 
biochemistry. See Lewis, “ Phys. Chem.,” 
II, p. 309. 

Donor. Sec Co-ordinntc link. 

Dorr, John Van Nostrand (1872- ). 

Dorr was born at Newark, New Jersey, and 
educated at Rutgers University. After two 
years’ experience in the laboratory of 
T. A. Edison he entered the mining and 
metallurgical industries. In 1910 he became 
President of the Dorr Co., an office which 
he still retains, and in 1938 was awarded 
the Medal of the Society of Chemical 
Industry, American Section. 

Dorr agitator. Sec Air-lift agitator. 

Dorr bowl classifier. This plant consists 
of a Dorr classifier of the normal type over 
the lower end of which is mounted u shallow 
tray thickener. The feed is subjected to 
preliminary thickening and the underflow 
passes to the classifier where the final 
separation takes place. Wash water is 
introduced on the raking table, flows countcr- 
currcntly with respect to the coarse solids, 
and after passing up through the aperture 
in the centre of the bowl, is discharged as 
part of the thickener overflow. This is used 
when an exceptionally clean rake product is 
desired, or where the overflow product is to 
be of extremely fine size. 

Dorr classifier. This type of classifier has 
a high capacity compared with the amount 
of space occupied. In principle, it consists 
of an inclined plane, partially immersed in 
the slurry to be classified, on which work 
one or more rakes operated by a system 
of cams and bell cranks in such a way that 
they tend to draw the slurry up the plane. 

In this manner the coarser solids are 
raked up the inclined plane and discharged 
at the upper end, while the finer are kept 
suspended in the liquid by the gentle agita¬ 
tion produced by the rakes and return to 
the trough whence they overflow. 
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The size at which the cut is made depends 
upon the rate of feed to the classifier, and 
the rate at which the rakes move, and may 
be varied. The efficiency of the operation 
? sometimes increased by the addition 
of washing sprays over the upper end of the 

U Dorrco alter. A type of rotary filter 
specially suited to the treatment of slurries 
containing heavy particles which are 
difficult to keep in suspension It has the 
same cycle of operations as the Oliver filter 
the filter surface, however, is in this case the 
inside of the drum. Slurry is fed in at the 
bottom, the cake formed under vacuum, 
blown off at the top of the revolution, and 
removed by a conveyor. 

Dorr multideck classifier. A contrivance 
widely employed for the washing or leaching 
of granular substances. It consists essen¬ 
tially of two or more Dorr classifiers 
arranged in series, the tank being divided 
into a corresponding number of compart¬ 
ments and the rakes operating on the drain¬ 
ing tables being coupled together. By a 
suitable arrangement of launders the wash¬ 
ing or leaching liquid may be returned from 
the effluent to the feed end and circulated 

continuously. .... 

Dorr thickener. See Mechanical con- 
tinuous thickeners. 

Dorr tray thickener. This is a type of 
thickener designed to economize space. It 
is essentially composed of a number or 
shallow Dorr thickeners, superimposed one 
on top of the other. Each compartment 
has its own separate feed inlet and effluent 
outlet, the latter being located at the edge 
of the tank immediately below the concave 
bottom of the tray above. Sludge is raked 
from the top tray to a central discharge 
point, whence it passes straight down 
through similar spaces in each of the trays 
to a common outlet at the base of the tank, 
and is removed by a diaphragm pump. 

Double bond. To preserve the quadri- 
valencc of carbon, it is sometimes necessary 
to assume that a carbon atom can unite 
with another carbon atom by means of two 
valency bonds, e.g. to preserve the quadri- 
valence of the carbon atoms in ethylene, 
C,H 4 , wc must write the formula 


H w H 

h/ Mi 


The bond between the carbon atoms, equi¬ 
valent to two single bonds, is called a double 
bond. In acetylene, C,H„ the quadri- 
valency can be preserved only by postu¬ 
lating the existence of a triple bond: 
HC=C—H. A few other elements form 


multiple bonds, e.g. oxygen, nitrogen. 

Pl ?onUeaalt When equivalent nuantities 
of certain salts are mixed in aqueous solution, 
and the solution is evaporated, a salt may 
be formed with properties entirely different 
from those of either of the individuals. 
For example, solutions of ferrous sulphate 
and ammonium sulphate yield ferrous am¬ 
monium sulphate, 

FeS0 4 , (NH 4 ),S0 4 . 0H,O. 

In aqueous solution, however, the salt 
behaves like a mixture of the individual 
sulphates, because any complex ions formed 
arc unstable, and readily dissociated into 
the simple ions of the original salts. Such 
compounds, which yield only unstable 
complex ions in solution, so that they 
behave as if they were mixtures of the 
simple salts from which they were derived, 
are termed double salts, in contradistinction 
to complex salts, which yield complex ions. 

Dow, Herbert Henry (1800-1030). Dow 
was born at Belleville, Ontario, and educated 
at the Case School of Applied Science. He 
founded the Dow Chemical Co. to develop 
the brine of northern Michigan, from which a 
large range of chemicals, notably bromine 
and alkalis, is now produced. Awarded the 
Perkin Medal for 1930. 

Dowtherm. Mixtures of high-boiling or¬ 
ganic substances used for purposes of heat 
exchange. Dowtherm A is a eutectic 
mixture of diphenyl oxide (78-5 %) and 
diphenyl (20 5 %); it has the characteristic 
geranium-like odour of diphenyl oxide, 
M.P. 12 0°, B.P. 258°. Used for heating 
over the range 10°-400’. Dowtherm C 
consists mainly of the various isomers of 
triphenvl, M.P. 2lM72°, B.P. 316°-427°. 
Used for heating over the range 150°-420°. 

Drag conveyor. An apparatus in which 
a moist solid is allowed to drain by moving 
it slowly over an inclined table by means 
of scrapers attached to a continuous belt or 
chain. 

Draper, John William (1811-1882). Born 
at St. Helens, near Liverpool, Draper 
studied chemistry at University College, 
London, but, in 1833, he emigrated to the 
United States, where he graduated in 
medicine at the University of Pennsylvania. 
In 1839 he became professor of chemistry 
in the University of New York, and from 
1850-1873 was president of its medical 
department. He published numerous re¬ 
searches on photochemistry, and was also 
known as a writer on historical subjects. 
See American Journal of Science, 23,103-166. 

“ Drechsel’s Base.” See Platinum 
ammines. 
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Drip point. A term used in laboratory 
distillation tests; it means the tempera¬ 
ture at which the first drop of distillate falls 
from the end of the condenser. 

Drummond, Sir Jack Cecil (1891- ). A 

graduate of London University, Drummond 
was appointed Director of Biochemical 
Research, Cancer Hospital, London, in 1018. 
Later he became reader in physiological 
chemistry (1019), and professor of bio¬ 
chemistry (1922) at University College, 
London. In 1945 he was appointed re¬ 
search director to Boots Pure Drug Co., 
Ltd. He was knighted in 1044 for his 
work as scientific adviser to the Ministry 
of Food. 

Dry screening. Process in which the 
moisture content of the material fed to the 
screening plant is normal, or has been 
reduced by drying. 

Dubbs process. A process used by the 
Universal Oil Products Co. for the “ crack¬ 
ing ” of oils. See “ The Science of Petrol¬ 
eum,” vol. Ill, p. 2081. 

Dudley, Charles Benjamin (1842-1009). 
Dudley was born at Oxford, N.Y., and 
educated at Yale. In 1875 he became 
Chief Chemist of the Pennsylvania Railroad 
Co., where he remained until his death. 
He developed scientific methods of testing 
materials and demonstrated their value to 
industry. He was President of the Ameri¬ 
can Society for Testing Materials, the Inter¬ 
national Association for Testing Materials, 
and the American Chemical Society (189C, 
1897). 

Duhamel du Monceau, Henri Louis (1700- 
1782). Born in Paris, Duhamel was both 
botanist and engineer; for many years he 
held office ns inspector-general of marine. 
His association with chemistry is due to the 
fact that he was the first to discover that 
soda is derived from the same base as 
common salt. 

Dulcin, Sucrol, p-Ethoxyphenylurea. 
C,H It O,N t . 

C,H. • O • • CO • MI, 

Colourless crystals, M.P. 171°-172°, soluble 
in hot water and organic solvents. It can 
be prepared by refluxing acetylurca with 
P- phcnctidinc and other similar methods. 
It is used as a sweetening agent, being 
about 200 times as sweet as cane sugar. 
Dulcitol, C a H l4 0„ 

H OH OH H 

CH 2 (OII). C . C . C . C . CHj(OH) 

OH H H OH 

the alcohol from galactose is of wide occur¬ 
rence in plants. It forms monoclinic 
columns, M.P. 188°, and is optically inactive. 


Dulong, Pierre Louis, bom in 1785 at 
Rouen, became professor of chemistry 
at the Kcolc Polytcchniquc, Paris. In 
1811 he discovered nitrogen chloride. 
In conjunction with Petit lie showed 
in 1819 that the specific heats of many 
elements were in inverse proportion to 
their atomic weights. This is known as 
the law of Dulong and Petit. He died in 
1838. 

Dulong and Petit’s law. Dulong nnd 
Petit observed in 1818 that the specific 
heat of a metallic element multiplied by its 
atomic weight approximates to 0-2. This 
is not true of all metals, or of several non- 
metals at ordinary temperatures, but it is 
true of these also at high temperatures. 

Dumas, Jean Baptiste Andre (1800-1884). 
Dumas was born at Alois, in the south of 
France. After some years spent os an 
apprentice with an apothecary, he took up 
the study of physiological chemistry, nnd 
rapidly rose to prominence among the 
leading men of science. He held various 
teaching appointments, including the chair 
of chemistry at the Sorbonne, the Kcole 
Polytcchniquc nnd the £colc dc Mddicinc. 
A man of great vitality, he made many 
important contributions, not only to 
organic, but to inorganic chemistry. 

Dumas's method for determining vapour 
densities. This method consists in deter¬ 
mining the weight of n known volume of 
vapour contained in a glass bulb. 

Dunstan, Albert Ernest (1878- ). Born 

at Sheffield, Dunstan studied at the Univer¬ 
sity Colleges of Sheffield and London. He 
is chief chemist of the Anglo-Pcrsian Oil 
Company and Director of the National Oil 
Refineries. Author of many books, he has 
published numerous original papers on 
viscosity of liquids and on petroleum 
investigations. 

Duprene is a trade name for Neoprene. 

Dur&in. A macroscopic constituent of 
coal which exists in solid bands of varying 
thickness. It has a finely granular struc¬ 
ture with a dull or greyish appearance. 
The texture is firm. 

Under the microscope, microsporcs and 
macrosporcs are sometimes visible but the 
section may often be only semi-opaque. 

Duralumin. See Aluminium alloys. 

Duranol dyes. A class of acetate silk dyes 
in which water-insoluble amino-anthraquin- 
one compounds arc made into a “ dispersed 
paste ” (semicolloidal suspension) with water 
and dyed direct on to the acetate silk at 80 °. 

1-Aminoanthraquinone thus dyed gives a 
yellow shade, 1 : 5-diaminoanthraquinone a 
red, and tetraminoanthraquinonc a greenish- 
blue colour. 
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The Duranol colours have no afhnity for 
J?“llulosc fibres, and give dyeings on 
acetate silk which are of excellent fastness 
acetate , i(Tht> Better solubility and 

‘°““ y are obtained when a 0-hydroxyethyl 
"is attached to the annno-n.Uogen 

Duriron. An iron alloy contammg sUi- 
%, manganese 2-2-5 %, carbon 
n n..oo/ and sulphur 0 05-0-2 %. It is 
particularly resistant to the action of acids 
and can be used in chemical plant where this 

property U required. 

Duroprene. A bmnd of chlorinated rubber. 

Dust chamber. A device for the separa¬ 
tion of relatively coarse solid, or liquid, 
particles from a gas or air by passage 
through a comparatively large chamber in 

which the linear velocity of the gas is 
reduced to a value such that the suspended 
matter can settle out. In the Howard type 
of plant the efficiency is raised by the 
introduction of a series of shelves into the 
chamber. 

Dutch metal. An alloy of copper and 
zinc prepared in leaf form in im.tat.on of 
gold leaf. 

Dutrochet, Ren* Joachim Henri (1776- 
1847). A French physiologist, Dutrochet 
made a study of the phenomenon to which 
he gave the name “ osmosis." 

du Vigneaud, Vincent (1901- ). du 

Vigncaud was born in Chicago and at¬ 
tended the University of Illinois. He 
worked subsequently at Johns Hopkins 
University, at the Kaiser Wilhelm In¬ 
stitute at Dresden, and at Edinburgh 
University. In 1932 he became professor 
of biochemistry at George Washington 
University and in 1938 professor of bio¬ 
chemistry at Cornell. He has worked on 
many biochemical problems. 9 


Dynamite. Nitroglycerine, owing to its 
high sensitivity to mechanical shock, is 
unsuitable for direct use as an explosive ; 
if the nitroglycerine is absorbed in about 
one-third of its weight of kieselguhr a 
much safer material, dynamite, is obtained. 
Dynamite forms a reddish-yellow or brown 
crumbly mass which is readily detonated 
by an explosive impulse ; it is less powerful 
as an explosive than pure nitroglycerine. 
Up to 2 % of magnesium or calcium car¬ 
bonate is often added to neutralize any 
acid formed by decomposition of the nitro¬ 
glycerine on storage. The term 44 dyna¬ 
mite” is also applied to explosives con¬ 
taining sodium or ammonium nitrate and 
some carbonaceous material instead of 
kieselguhr. 44 Gelatine dynamites ” con¬ 
tain nitrocellulose in addition to nitro¬ 
glycerine, with potassium nitrate, wood 
meal, etc. 

Dysprosium, Dy. At. no. 00, At. wt. 
162 46. An element of the rare-earth 
group. For its occurrence sec Hare earths. 
It is one of the least abundant members 
of the group and metallic dysprosium has 
not been isolated. The clement is trivalcnt 
in its compounds. The oxide Dy,0„ 
which is obtained by calcining the oxalate, 
is a white, strongly paramagnetic solid. 
The salts arc yellow or yellow-green in 
colour, the strongest visible absorption 
bands of their solutions being at AA 7530, 
4750. 4515, and 4275 A. The anhydrous 
chloride, DyCl„ crystallizes in yellow 
plates. It is readily hydrolysed in solution. 
It also forms a hexahydrate, DyC'l,, 0H,O. 
The nitrate, Dy(NO,)„ 5H,Q (M.P. 88 0°), 
resembles the corresponding bismuth salt. 
The anhydrous sulphate, Dy t (S0 4 ) $ , and 
its octahydrate are known. The oxalate, 
Dy,(C,0 4 )„ IOHjO, is precipitated in the 
form of microscopic prisms by the addition of 
oxalic acid to a solution of a dysprosium salt. 


Ebonite. Also known as hard rubber or 
vulcanite. The hard black product made 
by vulcanizing mixtures in which the 
rubber : sulphur ratio usually lies between 
65:35 and 70:30. Generally less than 
4 % of the sulphur remains uncombined. 
The composition approaches the empirical 
formula, C*H s S (rubber hydrocarbon : sul¬ 
phur:: 68 : 32). The material has good 
electrical properties. 

Edeleanu process. A method of removing 
aromatic hydrocarbons and other undesir¬ 
able substances from kerosene and gasoline 
by extraction with liquid sulphur dioxide, 
in which these constituents are preferenti¬ 


ally dissolved. Other solvent extraction 
processes have since been developed for 
use in the refining of petroleum products, 
e.g. the Recti flow process, extraction 
with furfural, and methods involving the 
use of two solvents flowing counter-current lv, 
such as the Duo-sol process. 

Edestin. A protein, belonging to the 
globulin class, obtained from hemp seeds. 
It has been obtained crystalline and its 
molecular weight, according to Svedberg, is 
about 309,000. Edestin is a complete pro¬ 
tein, containing all the essential amino-acids, 
and if fed in liberal amounts in an otherwise 
protein-free diet will support growth. 
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Edge-runner mill. The grinding members 
in this type of mill consist of a circular 
stone bed on which run one or more stone 
discs, connected by arms to a vertical 
central shaft. On rotating this shaft the 
stones slowly revolve and travel round the 
bed, their weight, which is considerable, 
causing any material fed on to the bed to be 

crushed. 

This type of mill is suitable for either wet 
or dry grinding. Its use, although once 
widespread, is now confined to a few 
industries such ns the manufacture of 
pharmaceutical products, where it is fre¬ 
quently employed as a combined grinder 
and mixer. It is also used in the manu¬ 
facture of putty, in which connexion it is 
known as a “ putty chaser." 

Efficiency of a reversible process. Sec 
Carnot's cycle. 

Efflorescence. When the vapour pres¬ 
sure exerted by a salt hydrate is greater 
than the partial pressure of water vapour 
in the atmosphere, the hydrate loses some 
of its water of crystallization to the atmo¬ 
sphere. The phenomenon is known as 
efflorescence. 

Ehrlich, Paul (1854-1015). Ehrlich, the 
founder of chemotherapy, was bom at 
Strchlcn, in Silesia, and educated at Breslau, 
Strasburg. Freiburg, and Leipzig. In 1878 
he became an assistant to v. Frcrichs at 
the Erstc Mcdizinische Klinik dcr Charity, 
Berlin. In 180(1 he was appointed Director 
of the Institut fur Serumforsehung ond 
Scnimprufung at Stcglitz. ami in 1809 
took charge of the Institut fur experi- 
mcntcllc Therapic at Frankfurt. lie also 
became Director of the Georg Speyer Haus 
fur Chemotherapie on its establishment in 
1000. Ilis discovery of salvarsan was 
the most remarkable achievement in a 
long series of outstanding investigations, 
and in 1008 lie was awarded, jointly with 
Metchnikoff, the Nobel Prize for Medicine. 

Einstein. A unit of radiant energy. If 
every molecule in a gram molecule of a 
substance absorbs one quantum of light, 
the total energy absorbed is N hv, where N 
is the Avogadro Number, that is, the 
number of molecules in one gram molecule, 
h is Planck's constant, and v the frequency 
of the light. N = 6 06 x 10"; /i = 6-548 
X 10-* 7 erg sec., and therefore for red 
light of frequency 4 x 10 M , one Einstein 
* 6 06 X 10” X 0-548 x 10-” X 4 X 10 14 
= 15-88 x 10" ergs. Also, one grain caloric 
= 4-184 x 10 7 ergs, hence one Einstein = 
15-88 x 10" /4-184 x 10 7 calories = 3-79 x 
10 4 calories. 

Einstein’s law of photochemical equiva¬ 
lence. Before a chemical reaction can be 


induced by light, the light must be absorbed 
by some of the molecules present. Einstein 
pro|M>scd that each molecule reacting must 
lx- excited by the absorption of one quantum 
of light. This principle is not easy to test, 
because the occurrence of secondary re¬ 
actions following the primary reaction may 
lead to destruction of many more molecules 
of the absorbing sul>stnnee. Thus the 
npparent reaction induced by a single 
quantum of light may be much greater 
than that calculated from Einstein's law. 
Further, some of the excited molecules may 
lose their energy by fluorescing, or by 
colliding with other molecules without 
reacting, so that the yield of reaction 
products is only n fraction of that calcu¬ 
lated from Einstein's law. The law is, 
however, considered to hold for the primary 
act of light absorption. 

Ekaboron. Sec Scandium. 

Elaidic acid, C u H, 4 O t . 

CH, [CH,] f CII : CII [CII,], • COOII 

Crystallizes in plates, M.P. 44°-45\ soluble 
in alcohol and ether. It is the trans-isomer 
of oleic acid, and is prepared from it by the 
action of nitrous, sulphurous, or phosphorous 
acids. 

Elastin. A protein belonging to the 
scleroprotein class, found in elastic tissue, 
ligaments, and the walls of arteries. 

Elaterium is the dried sediment from the 
juice of the fruits of Ecballium elaterium, 
the squirting cucumber. It contains a 
crystalline active principle termed “claterin" 
which is the most powerful hydrogogue 
cathartic known, and produces with a dose 
of one-tenth of a grain numerous watery 
motions. It is employed in pill form ns a 
purgative in dropsy. 

Electrical endosmose. Sec Electro- 
osmosis. 

Electrochemical equivalent. The weight 
of an element liberated from its ions or 
converted into them by unit quantity of 
electricity (1 coulomb) is called the electro¬ 
chemical equivalent of the element. 

Electrochemical series. Standard elec¬ 
trode potential of the elements (see “ Elec¬ 
trode potential ") varies from — 3-024 volts 
for lithium to + 2-85 volts for fluorine. 
The elements may thus be arranged in a 
series in order of increasing standard 
electrode potential. 


Li* | Li 
K* | K 
Na* | Na 
Mg** | Mg 
Zn* + Zn 
Cd** Cd 


— 3-024 v. 

— 2-924 v. 

— 2-714 v. 

— 2-375 v. 

— 0-761 v. 

— 0-441 v. 
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Ni++ Ni 
Sn** Sn 


— 0-236 v. 

- 0-140 v. 


Pb** | Pb - 0-126 v. 
2 H' I H, ± 0 000 v. 


Cu**| Cu 
Ag* | Ag 

ci.|ci- 

Au** + | A 

F, I F“ 


u + 0 340 v. 
, 4 . 0-709 v. 

+ 1-358 v. 
Au + 1 42 v. 
+ 2-85 v. 


The complete scries is called the electro¬ 
chemical series. According to Nernst the 
electrode potential is a measure of the 
tendency of an element to pass into solution 
in the form of its ions ; the more negative 
the potential, the greater is this tendency. 
Hence any metal higher up the senes will 
tend to displace from solution the ions of 
another metal lower down the senes, e.g. 
copper is readily deposited as the metal by 
placing a piece of zinc or iron in an aqueous 
solution of copper sulphate. 

Electrochemistry. This term has a very 
wide significance, and is often understood 
to apply to all branches of science concerned 
with chemical reactions which are induced 
by electricity in any form, or which are 
accompanied by electrical phenomena. Such 
a definition includes the study of electro¬ 
lysis, of gaseous reactions occurring in an 
electrical glow discharge, in an electric spark, 
or in on electric arc, os well as those processes 
accompanied by the emission of electrons 
or ions, c.g. radioactive transformations, 
and the photo-electric effect. In practice 
electrochemistry is generally meant to 
apply to that branch of chemistry concerned 
with electrolysis, and other like phenomena 
accompanying the passage of a current 
through the solution of an electrolyte, or 
concerned with the behaviour of ions in 
aqueous solution, or in other ionizing 
solvents. 

Electrode. An electro-conducting body 
dipping into an electrolyte and exhibiting 
a certain electrical potential with respect 
to the bulk of the electrolyte. 

Electrode potential of an element. When 
an electrode of any ion-forming element is 
placed in a solution containing ions of this 
element a certain electrical potential is 
exhibited by the electrode. This is de¬ 
pendent on both electrode and solution and 
is called the electrode potential of the 
element. As long as no net current flows 
between an electrode and solution there 
exists a state of thermodynamic equilibrium 
at the electrode, which is said to behave as 
a reversible one. The potential of the 
electrode in this state is called the reversible 
electrode potential and depends on the 
concentration of those ions in the solution 


which are in equilibrium with the material 
of the electrode. The reversible electrode 
potential of an element in solution at unit 
activity of its ions, measured against the 
reversible electrode potential at unit 
activity of II 3 0* ions (taken arbitrarily 
as zero), is termed the standard electrode 
potential of the element. 

If an appreciable current flows across 
the boundary between an electrode and 
solution, thus disturbing the thermodynamic 
conditions of equilibrium, the electrode 
is said to be polarised and its potential is 
then termed “ irreversible.” 

Electrodialysis. The diffusion of elec¬ 
trolytes through a membrane is consider¬ 
ably accelerated, and the purification of a 
colloidal sol becomes more rapid if the 
dialyser compartment is placed between 
electrodes connected to a source of direct 
electric current. This process is known as 
clectrodialysis. 

Electrodispersion. If an arc is struck 
between two metal electrodes under the 
surface of a liquid, particles are torn off 
the inctal and remain colloidally dispersed 
in the liquid. By this means Brcdig 
prepared colloidal dispersions of most of 
the metals. This process of electrodispersion 
is improved if the arc is maintained within 
a silica tube and the vaporized metal blown 
through a small hole in front of the arc, into 
the dispersion medium, by means of a 
stream of inert gas. Sec Colloids. 

Electrokinetics. This is the general name 
given to the phenomena associated with 
electrical effects of moving bodies or con¬ 
versely the motion given to materials by 
the passage of an electric current. Examples 
of this are cataphoresis, electro-osmosis, 
sedimentation, and streaming potentials. 
Electrolysis can be regarded as a simplified 
example of cataphoresis or, conversely, 
cataphoresis as the electrolytic migration 
of giant ions. Sec cataphoresis, electro- 
osmosis, streaming potential. 

Electrokinetic potential. This is the poten¬ 
tial difference between the immovable 
liquid layer attached to the surface of the 
solid phase and the movable liquid layer 
immediately adjacent in the liquid phase. 
See Diffuse double layer. 

Electrolysis. The process of decomposing 
a substance, usually either molten or in 
solution, by the passage of an electric 
current. 

Electrolysis, laws of. See Faraday's 
Laws of Electrolysis. 

Electrolyte. A substance which is dis¬ 
sociated partly or completely into ions 
in solution. 
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Electrolyte, strong. An electrolyte, the 
activity coefficient of which differs ap¬ 
preciably from 1, except in extremely 
dilute solutions, is termed a strong clcctro- 
lytc. Quantitatively, if the electrolyte has 
a dissociation constant greater than about 
10" J , it is considered to be a strong electro¬ 
lyte. 

Electrolytic dissociation. The process of 
the formation of ions in solution from an 
added solute. In the case of solid solutes 
having an ionic lattice (c.g. NaCl) there is 
probably a complete dissociation into ions 
in dilute solution. For other types of 
solutes (e.g. HC1) there is probably an 
equilibrium between the ions and the un- 
dissociatcd molecules. 

Electromagnet. An electromagnet con¬ 
sists of a coil of wire wound round an iron 
core. On passing an electric current 
through the wire, the iron core l»ehaves 
exnctly like an ordinary magnet. 

Electrometer. An instrument for detect¬ 
ing and measuring the magnitude of an 
electrical charge is termed an electrometer. 

Electrometric titrations. During the neu¬ 
tralization of an acid with a base a sudden 
change occurs in the hydrogen-ion concentra¬ 
tion near the equivalence point. Thus, in 
the acid solution there arc many hydrogen 
ions present, carrying negative charges, 
whilst in the alkaline solution there are 
many hydroxyl ions carrying positive 
charges. An inert electrode immersed in 
the solution thus shows a rapid change in 
electromotive force near the equivalence 
point, which may thus be ascertained by 
observing the change in E.M.F. of the 
electrode during the neutralization. The 
process is called electrometric titration. 
The method is of especial service when 
coloured solutions are under examination, 
when colour indicators are often useless. 

Electron. The electron is the ultimate 
indivisible negative charge, or atom of 
negative electricity, and forms an integral 
part of every atom of matter. Electrons have 
an insignificant mass compared with that of 
the atoms of matter. The mass of an 
electron is only 1 /1840 of that of a hydrogen 
atom. 

Electron diffraction. According to the 
theory of wavc-mcchanics, moving elec¬ 
trons arc associated with a wave motion 
of such frequency that they behave in 
some measure like X-rays, and it has been 
found that a beam of electrons is diffracted 
at a surface just as X-rays arc, but the 
electrons have much less penetrating 
power; they thus provide an excellent 
means of investigating the structure of 
surfaces. 


Electroplating 

Electron metals. Alloys of magnesium 
with a metal such as copper, aluminium, 
cadmium, etc. They arc employed in the 
cast and wrought states finding applications 
such as pistons, crankcases, etc. 

Electron polarization. See Polarization. 

Electron spin. In addition to rotating 
round the nucleus in their orbits, electrons 
have certain properties which can be 
explained by assuming that they are able 
to spin mueh ns the earth spins on its 
axis. Sec Multiplct. 

Electronic transition. According to the 
modern conception of the atom, the elec¬ 
trons are considered to be able to exist only 
in certain definite orbits. The electrons in 
any orbit are associated with a definite 
amount of energy characteristic of the orbit. 
If an electron passes from one orbit to 
another, an electronic transition is said to 
have occurred, and is associated with an 
emission or absorption of energy corre¬ 
sponding with the difference in energy pos¬ 
sessed by the electron in the different orbits. 

Electro-osmosis. If a direct current is 
passed through a tube of liquid which is 
fitted with two electrodes, one on cither side 
of a diaphragm, the potential difference 
between the diaphragm and the liquid 
manifests itself by a movement of the 
liquid towards one or other of the electrodes. 
This phenomenon, which is akin to cata- 
phoresis ( q.v .), is termed electro-osmosis or 
electrical endosmose. It is modified by the 
presence of acids, bases, and salts. The 
hydrogen-ion concentration at which there 
is no movement of liquid with respect to 
the membrane is termed the isoelectric 
point. Sec Colloid, Electrophoresis. 

Electrophoresis. The phenomenon of 
migration of colloidal pnrticles to one or 
other of two electrodes which arc inserted 
in a colloidal solution, and between which 
an electrical field is applied. 

Electroplating. The deposition of metals 
from solution in the form of a layer on 
other metals by the* passage of an electric 
current. The metallic article to be plated 
is made the cathode in a bath of an ionising 
salt of the metal which forms the plating, 
and the anode is generally of the same 
material. The carrying out of the process 
requires careful control, the current density, 
the p B of the bath, etc., having a marked 
effect on the adherence and texture of the 
deposited metal. The chief metals used for 
plating are silver, chromium, and nickel. 

While electroplating generally denotes 
metallic plating, it must not be forgotten 
that any substance which in solution or 
suspension has an electric charge can under 
suitable conditions be plated on to a sur* 
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face. The electroplating or electrodeposi- 
tion of rubber from colloidal solution is 
extensively used for lining various articles. 
The rubber is first plated on and the coating 

vulcanized afterwards. 

Electrostatic precipitator. This contri¬ 
vance for the removal of suspended matter 
from a gas depends upon the ionization of 
a gas between two highly charged electrodes. 
The ions so formed attach themselves to the 
dispersed particles conferring an electro¬ 
static charge on them and causing them to 
migrate to the appropriate electrode. In 
practice the discharge electrode is a wire 
or comparatively sharp edge, so that a 
sufficiently intense electric field may be 
produced for pronounced ionization to 
occur. The collecting electrode for the dust 
or mist is a relatively large surface, and 
may be in the form of a flat plate or a tube 
surrounding the discharge electrode. The 
collecting electrode is periodically tapped to 
free it from the precipitated substances. 

Electrothermic process. This process 
is used for the manufacture of cast steel 
and for the preparation of alloys of iron 
with other metals such as nickel, chromium, 
tungsten, etc. It has advantages over 
other types such as (1) ease of control and 
maintenance of temperature, (2) no intro¬ 
duction of impurities from fuel, (3) higher 
thermal efficiency, and (4) low labour 
overheads. The furnaces used arc of three 
main types : (1) Arc furnaces, (2) Resistance 
furnaces, and (3) Induction furnaces. 

Electro-ultrafiltration. Just as the process 
of separation of crystalloids from colloids in 
dialysis can be speeded up by placing 
electrodes on either side of a dialyscr, so 
that electrolytes arc removed by ionic 
migration, so ultraflltration can be modified 
in a similar manner. Electro-ultrafiltration 
is the quickest but most complicated of the 
various methods of colloid purification. 
Sec Dialysis, Electrodialysis, Ultrafiltration. 

Electrovalent compounds. The atoms in 
the molecule of an electrovalent compound 
are linked together by polar or electro¬ 
valent bonds (see Valency, Theory of). They 
are distinguished from covalent compounds 
by their ionization, lower volatility,solubility 
in water, and insolubility in non-ionizing sol¬ 
vents like benzene. 

Electrovalent link or Polar bond. A bond 
formed by electrostatic attraction between 
two ions of opposite charge, and not involv¬ 
ing the sharing of electrons. Sodium and 
chlorine atoms tend to lose and to gain an 
electron respectively, in order to reach 
stable electronic structures; the sodium 
atom, on losing an electron, becomes a 
sodium ion with one unit positive charge, 


Na ; the chlorine atom, gaining an electron, 
becomes a chlorine ion with one unit 
negative charge. Cl'. These two ions can 
now attract each other with mutual neu¬ 
tralization of their charges, forming a 
molecule of sodium chloride, NaCI. In 
solution the link may be broken, the ions 
then existing in the solution as separate 
entities. Electrovalent links enter into the 
constitution of all salts. See Covalent link. 

Element. An element may be defined as 
“a substance which cannot be broken 
down to yield other simpler substances by 
ordinary chemical methods.” The elements 
arc the basic substances from which all 
others are built up by chemical combination. 
The above definition is adequate only in so 
far as ordinary chemical methods are 
understood to exclude such processes as 
lead to the disruption of the nucleus of the 
atoms which comprise an element, and to 
avoid possible confusion arising from this 
ambiguity, an clement may be defined as 
“ a substance which consists wholly of 
atoms having the same nuclear charge." 
A list of all known elements with the 
arrangement of their electrons will be 
found on pages 192 and 103. 

Elements ol symmetry. A general ex¬ 
pression for the symmetry of a crystal, 
comprising the centre of symmetry, axes of 
symmetry, and planes of symmetry. 

Elevation of boiling-point. The boiling- 
point of a solvent is raised in the presence 
of a solute. The rise in boiling-point for 
small concentrations of the solute is pro¬ 
portional to the concentration of the 
molecules of solute in the solution. The 
elevation caused by 1 gram molecule of 
solute in 1 litre of solvent is called the 
molecular elevation constant. 

Elixirs. Elixirs arc aromatic pharma¬ 
ceutical solutions frequently containing 
considerable alcohol and used as sweetening 
or flavouring agents when administering 
nauseous drugs. 

Ellagic acid, C 14 H,O s . 

/CO-O 

,,o <Z>— 

HO \o-OC 

Crystallizes in needles, sparingly soluble 
in water and alcohol, soluble in alkalis. 
It occurs free and combined in oak bark 
and galls, being probably formed in the 
plant by the hydrolysis of tannin. 

Ellis , Carleton (1876- ). Ellis was 

bom at Keene, New Hampshire, and 
educated at the Massachusetts Institute of 
Technology, where he was an instructor 
from 1900 to 1902. Now President of the 
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THE ELEMENTS AND THEIR ELECTRONS 


Element 

Atomic 

Number 

Atomic 

Weight 

Number of Electrons 

Hydrogen 

• • 

1 


1 


m 


■ 




Helium 

• • 

2 


2 








Lithium 

• • 

3 


2 

1 







Beryllium 

• • 

4 


2 

2 







Boron 

• • 

5 

10 82 

2 

3 







Carbon 

• • 

6 

12 010 

2 

4 







Nitrogen 

• • 

7 

14 008 

2 

5 







Oxygen 

• • 

8 

10 0000 

2 

SCI 







Fluorine 

• • 

0 

10 00 

2 

El 







Neon . 

• • 

10 

20 183 

2 

8 







Sodium 

• • 

11 

22 007 

2 

D 

1 






Magnesium 

• • 

12 

24 32 

2 

rfl 

2 






Aluminium 

• • 

13 

20 07 

2 

8 

3 






Silicon . 

• • 

14 

28 00 

2 

8 

t] 






Phosphorus 

• • 

15 

30 08 

2 

8 

mi 






Sulphur 

• • 

10 

32 000 

2 

8 







Chlorine 

• • 

17 

35 457 

2 

8 

u 






Argon . 

• • 

18 

30 044 

2 

8 

u 






Potassium 

• • 

10 

30 000 

2 

8 

8 






Calcium 

• • 

20 

40 08 

2 

8 

8 


2 




Scandium 

v • 

21 

45 10 

2 

n 

8 

1 

2 




Titanium 

# • 

22 

4700 

2 


8 

2 

2 




Vanadium 

• • 

23 

5005 

2 

8 

8 

8 

2 




Chromium 

• • 

24 

52 01 

2 

8 

8 

5 

1 




Manganese 

• • 

25 

54 03 


8 

m3 


2 




Iron 

• • 

20 

55 85 


8 

mi 

El 

2 




Cobalt . 

• • 

27 

58 04 

2 

El 

8 

7 

2 




Nickel . 

• • 

28 

58 00 

2 

II 

8 

8 

2 




Copper 

• • 

20 

03 51 

2 

8 

8 

10 





Zinc . 

• • 

30 

05 38 

2 

n 

8 

10 

Ei 




Gallium 

• • 

31 

00 72 

2 

Efl 

8 

10 

2 

1 



Germanium 

• • 

32 

72 00 

2 

8 

8 

10 

2 

2 



Arsenic 

• • 

33 

74 01 

2 

8 

8 

10 

2 

3 



Selenium 

• • 

34 

78 00 

2 


8 

10 

2 

IKJ 



Bromine 

• • 

35 

70 010 

2 


8 

10 





Krypton 

• • 

30 

83 7 

2 


8 

10 


E] 



Rubidium 

• • 

37 

85 48 

2 


18 

8 





Strontium 

• • 

38 

87 03 

2 

8 

18 

8 





Yttrium 

• • 

30 

88 02 

2 

8 

18 

8 

'MET! 

2 



Zirconium 

• • 

40 

01-22 

2 

8 

18 

8 

2 

2 



Columbium 

0 0 

41 

02 01 

2 

8 

18 

8 

4 

S3 

'SSEft' 


Molybdenum 

0 

42 

0505 

2 

8 

18 

8 

5 

kJ 



Masurium 

• • 

43 


2 

8 

18 

8 

0 

Vj 



Ruthenium 

• • 

44 

101-7 

2 

8 

18 

8 

7 

Kf 

■V'ii 1 


Rhodium 

• • 

45 

102 01 

2 

8 

18 

8 

8 

El 



Palladium 

• • 

40 

100 7 

2 

8 

18 

8 

X3 

0 



Silver . 

• • 

47 

107-880 

2 

8 

18 

18 

m 




Cadmium 

• 0 

48 

112-41 

2 

8 

18 

18 

2 




Indium 

0 0 

40 

114-70 

2 

8 

18 

18 

2 

1 



Tin 

• • 

50 

118 70 

2 

8 

18 

18 

2 

2 



Antimony 

• • 

51 

121-70 

2 

8 

18 

18 

2 

8 



Tellurium 

• 0 

52 

127-01 

2 

8 

18 

18 

2 

4 



Iodine 

0 0 

53 

120 02 

2 

8 

18 

18 

2 

5 



Xenon 

0 • 

54 

131-3 

2 

8 

18 

18 

2 

0 






















































Elmore 


193 

THE ELEMENTS AND THEIR ELECTRONS— cont. 


Elutriation 



Element 


Atomic Atomic 
Number Weight 


Number of Electrons 


Caesium 

Barium 

Lanthanum 

Cerium 

Praseodymium 

Neodymium 

Illinium 

Samarium 

Europium 


[erT> 'i'll 


Terbium 

Dysprosium 

Holmium 

Erbium 

Thulium 

Ytterbium 

Lutecium 

Hafnium 

Tantalum 

Tungsten 

Rhenium 

Osmium 

Iridium 

Platinum 


182 91 
137 36 
138-92 
140 13 
140 92 
144 27 

150 43 
152 0 
156 9 
159 2 
162 46 
164 94 
167-2 
169-4 
173 04 
17499 
178 6 
18088 

183 92 
18631 
1902 
193-1 
195 23 


2 8 
2 8 


2 | 8 
2 


s 


8 18 8 

8 18 8 

8 18 8 

19 8 

20 
21 

22 I 8 

23 | 8 

24 

25 

26 
27 
2 


30 

31 
82 

32 
82 
32 
32 

82 I 8 


Gold . 
Mercury 
Thallium 
Lead . 
Bismuth 
Polonium 
Astatine . 
Radon . 

Francium 

Radium 

Actinium 

Thorium 

Protoactinium 

Uranium 

Neptunium 

Plutonium 

Americium 

Curium . 


197-2 
200 61 
20439 
20721 
209 00 
( 210 ) 


226 05 
(227) 
232-12 
231 

238 07 

239 
239 


8 

2 8 
2 8 
2 8 
8 

2 

2 I 8 


2 18 1 

2 I 18 2 

, 18 2 

32 18 2 

32 | 18 2 

18 2 
18 2 
18 

32 | 18 
32 


32 22 8 
32 28 8 


Ellis-Foster Co., he has written numerous 
books and papers. His researches cover 
a wide field, including synthetic resins, 
petroleum and its derivatives, paints, and 
the hydrogenation of organic substances. 

Elmore continuous centrifuge. This is a 
vertical centrifuge in which the basket is 
supported on a hollow shaft surrounding a 
second shaft carrying a scraper. The two 
shafts are driven at slightly different speeds, 
so that the solid is scraped to the bottom 
of the basket, where it is discharged through 
ports. The feed enters at the top of the 
basket. 
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Elmore flotation cell. This type of froth 
flotation machine operates on similar 
principles to the Callow cell and the 
mechanically agitated type, except that the 
froth is formed by submitting the pulp to 
a vacuum. The subsequent removal and 
breaking down of the froth to recover the 
mineral concentrate follow normal practice. 

Elutriation. The process of separating a 
material into fractions of various sizes by 
allowing it to settle against an upward 
moving stream of fluid, usually air or water. 
The individual particles will settle through 
the fluid at a definite velocity, according to 
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size, density, and a number of other factors. 
Given a material of uniform density there 
will be, under any given set of conditions, a 
certain particle size at which the rate of 
descent is equal to the velocity of the fluid 
stream. All particles larger than this will 
sink to the bottom of the clutriutor, and 
all smaller particles will pass out of the 
vessel with the fluid stream, and may be 
recovered by some suitable means. 

Emanation. The gaseous element (At. 
no. 80) formed from radium by the loss 
of an a-particlc. It is itself radioactive, 
and decays with emission of a-particlcs 
(period of half-life 5-82 days). This element 
is a member of the same chemical family 
as the inert rare gases of the atmosphere 
(helium, neon, etc.). It is now known as 
radon (symbol, Rn). Isotopic with radium 
emanation arc thoron (At. no. 80, At. wt. 
221 ) and actinon (At. no. 80, At. wt. 210), 
which form part of the thorium and actinium 
decay scries, respectively. Sec Radon. 

Embden ester. The only hexosephos- 
phatc present in normal muscle. It is a 
mixture of nbout 70 % glucopyranose-G- 
monophosphate (liobison ester) and 30 % 
fructofuranose-O-monophosphatc (Neuberg 
ester). 

Emery, an impure form of corundum 
(Al,Oj), containing a variable proportion of 
iron oxide, chiefly in the form of magnetite. 
It is chiefly obtained from the island of 
Naxos in the Grecian Archipelago, Asia 
Minor, and the United States. It is used 
as an abrasive and polishing agent. 

Emetine, C„II 40 O 4 N„ is a l*vorotatory 


CH,0 . C —C. OCH, 


cn^/yai.-cn, 

CH a Oli—CH-N-CH, CH CH 

CH, . ill-CII—CH—CH—CH-bl 

djHj-CH.-irH— nhJh, 


alkaloid extracted from ipecacuanha or 
obtained by the mcthylation of cephacline, 
another ipecacuanha alkaloid. Emetine is 
considered to be a specific for amccbic 
dysentery, for which purpose it is adminis¬ 
tered as the water-insoluble periodide, or in 
combination with bismuth iodide, and in 
addition emetine hydrochloride is injected 
hypodermically or intramuscularly. It is 
an irritant to mucous surfaces, and has 
powerful emetic properties. 

Emulsification. The preparation of a sus¬ 
pension, or emulsion, of one liquid in another. 

Emulsifier. A type of mixer in which the 
agitating elements are composed of wire 
cages or a number of thin metal strips 
rotating at a comparatively high speed and 


producing very good incorporation of one 
liquid in another. Sec Colloid mills. 

Emulsifying agent. Dilute suspensions of 
oil in water behave like typical hydrophobic 
sols, but it is not possible to increase the 
concentration of oil unless a stabilizing 
material is added which decreases the inter¬ 
facial tension. Such substances, known ns 
emulsifying agents, arc generally long- 
chain compounds containing a hydrophilic 
(carboxyl or sulphonate) group at one end 
of the molecule; these become orientated 
at the interface, the hydrophilic end pro¬ 
jecting into the water. There arc also solid 
emulsifying agents (c.g. carbon black) which 
possess widely different angles of contact 
for the two phases. 

There are two types of emulsion possible 
for each system; oil in water (O/VV) and 
water in oil (W/O). Usually a given 
emulsifying agent will emulsify so as to 
form only one of these types. An emulsify¬ 
ing agent generally produces such an 
emulsion that the liquid in which it is most 
soluble forms the external phase. Thus the 
alkali metal soaps and hydrophilic colloids 
produce O/VV emulsions, oil-soluble resins 
the W/O type. 

The commonest emulsifying agents arc ' 
the soaps which have the disadvantage of 
coagulating in hard waters. For edible 
and pharmaceutical emulsions gums of 
various sorts urc employed. Of recent 
years, large numbers of synthetic organic 
emulsifying agents have been developed. 
Many of these are sulphonatcd or quater¬ 
nary ammonium compounds. 

Emulsin (0-glucosidase) is the enzyme 
which hydrolyses glucosidcs, both natural 
and synthetic, belonging to the beta series. 
The usual source is an aqueous extract of 
almonds from which the enzyme is pre¬ 
cipitated by alcohol, and subsequently 
purified. This product is a complex 
mixture of related enzymes, including one 
which hydrolyses /)-galactosidcs. Emulsin 
also hydrolyses the disaccharidcs, melibiose, 
and ccllobiose. The enzyme is very widely 
distributed in plants. Amygdalin is com¬ 
pletely hydrolysed by it at three centres 
simultaneously. 

Emulsion. An emulsion is a disperse 
system in which both phases are liquids; 
generally one of the liquids is water or an 
aqueous solution, and the other an oil or 
other water-immiscible liquid. With a 
given pair of liquids (e.g. an oil and water) 
two distinct types of emulsion are possible 
according to which forms the dispersion 
medium. Emulsions in which an oil is 
dispersed in water are termed oil-in-water 
(O/VV) emulsions; those in which the water 
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is the disperse phase are water-in-oil (W/O) 
emulsions. It is possible to have any 
phase ratio in an emulsified system. Thus 
naturally forming emulsions such as that 
of the condenser water of an engine may 
contain only a fraction of a per cent, of oil, 
while semi-solid emulsion pastes may 
contain 95 % of oil dispersed in water. In 
order to stabilize all but the most dilute 
emulsions, it is necessary to have present a 
third substance, the emulsifying agent, to 
stabilize the system. 

The viscosity of an emulsion increases 
rapidly with the concentration of the disperse 
phase; very often when the emulsifying 
agent is not efficient, increase in the con¬ 
centration of the disperse phase above a 
certain value causes phase reversal, an O/W 
emulsion changing to VV/O type. The 
presence of certain ionic substances also 
brings this about. 

Emulsions have innumerable industrial 
uses; they are used widely as foods and 
pharmaceutical preparations, cosmetics, hor¬ 
ticultural and insecticide sprays; as oil- 
bound water paints, as lubricants, for 
spraying of roads, etc. 

Emulsoid. One system of classification 
of colloids recognizes two main groups, one 
of which contains the internal phase in 
liquid condition, and is therefore termed 
emulsoid ns it is an emulsion of colloidal 
dimensions. Thus the particles of a gelatine 
sol arc presumed, by the supporters of this 
scheme, to be in the liquid state. The emul¬ 
soid colloids correspond very closely to the 
hydrophilic colloids of the opposing school. 

Enantiomorphism. The dextrorotatory 
and Iffivorotatory forms of an optically 
active substance (see optical activity) are 
said to be enantiomorphous. Their inter¬ 
relation is known as enantiomorphism. 

Eoantiotropy. When red mercuric iodide 
is heated to 126° it changes to the yellow 
form, and on cooling below this tempera¬ 
ture again, it reverts to the red form. 
Such a reversible transformation of one 
polymorph into another, or of one allotrope 
into another, at a definite transition tem¬ 
perature, is termed enantiotropy. 

Endosmosis, Electrical. See Electro¬ 
phoresis. 

Endothermal. An alternative word for 
endothermic. 

Endothermic, Compound or reaction. A 
reaction in which heat is absorbed is called 
an endothermic reaction. Likewise an 
endothermic compound is one which is 
formed from its elements with the absorption 
of heat. 

End-point. This corresponds with the 
stage in a titration when the indicator (in 


its widest sense) undergoes its visible change, 
corresponding with a definite hydrogen 
or other ion concentration, or oxidation- 
reduction potential. It does not necessarily 
correspond with the equivalence point. 

Energy levels. Energy taken up by a 
molecule, say by the absorption of light, 
may cause an electron to move from an 
orbit of lower to one of higher energy ; it 
may increase the energy of rotation of the 
molecule as a whole, or may increase the 
energy of vibration of the nuclei of the 
constituent atoms relative to one another. 
The changes all occur in accordance with 
the Quantum Hypothesis, i.e. the changes 
in energy arc not continuous, but take place 
only in definite steps. Thus, every elec¬ 
tronic orbit is associated with a specific 
energy value, or energy level. So the rota¬ 
tional and vibrational states have only 
certain restricted energy values, or energy 
levels. Diagrammatically, these are usually 
represented as a scries of horizontal, 
parallel straight lines separated by distances 
proportional to the differences in energy of 
the various states. 

English plauson mill . Sec Colloid mills. 

Enols, or Enolic compounds, are the 
tautomeric forms of certain ketones and 

contain the grouping This 

grouping is also present in phenols, and 
enols resemble the phenols in several of 
their reactions. They give deep colora¬ 
tions with ferric chloride solutions and the 
hydrogen atom of the —OH group is 
acidic and is replaceable by sodium and 
other metals. The copper compounds of 
1 :3 dikctoncs and 0-kctonic esters arc 
of this type. The sodium compounds 
react with alkyl and acyl chlorides to give 

* >c—c=o 

derivatives of the type | | . The 

K 

hydrogen of the —OH group can be 
replaced by an acyl group if the reaction 
is carried out in pyridine solution. The 
amount of the enol in a mixture of the 
two tautomeric forms can be estimated by 
treating the mixture with an alcoholic solu¬ 
tion of bromine. The keto form does not re¬ 
act under these conditions. Sec Isomerism. 

Entrainment. The earning of droplets 
of liquid by the vapour passing from a plate 
in a distillation column to the plate above 
it. This has the effect of diluting the liquid 
on the upper plate and decreasing the plate 
efficiency. 

Enzymes. These are catalytic agents 
often called biochemical catalysts, inde¬ 
pendent of the living cell but indispensable 
constituents of it. They are colloids, and 
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arc characterized by being destroyed if 
their solutions are heated long enough. 
They serve to catalyse, that is, accelerate all 
the multitudinous reactions which take 
place in the living cell, for example, hydro¬ 
lysis of fats, sugars, and proteins, and the 
reverse action, namely, their re-synthesis. 
They also catalyse the many forms of 
oxidation and reduction which provide 
energy for the cell. A third function of 
enzymes is in the chain of reactions leading 
to alcohol in fermentation and lactic acid in 
muscle. The nature of the enzymes them¬ 
selves is with few exceptions unknown, hence 
they are named and studied in connexion 
with the reactions they catalyse and control. 
A few enzymes, urease, pepsin, pepsinogen, 
trypsin, and tri psinogen, have been isolated 
as entities and shown to be proteins. 

It is customary to regard an enzyme as 
consisting of an active prosthetic group 
attached to a large colloid carrier and in¬ 
capable of activity when separated. To-day 
this view is challenged by those who ascribe 
activity to actual centres, particularly 
COOH or NH, groupings in the protein 
molecule. Some oxidizing groups, however, 
undoubtedly have a non-protein prosthetic 
group, for example, catalase, which contains 
iron in the form of harinin attached to 
protein; the yellow enzyme contains a 
flavin compound, actually vitamin B„ 
attached to phosphoric acid, ns its prosthetic 
group. The outstanding, and by far the 
most important, feature of enzymes is that 
they are highly and rigidly specific. The 
carbohydrate enzymes arc particularly so, 
the slightest change in the stereochemical 
configuration of the molecule being sufficient 
to make a particular enzyme incompatible 
nnd unable to effect hydrolysis. The close 
relation between enzyme and substrate was 
likened to that between key nnd lock. 
This fact provides the cell with a most 
selective mechanism in its enzymes. The 
enzymes arc obtained from plant and animal 
tissues by extraction with water or dilute 
glycerin or some suitable solvent preferably 
after the cell structure has been destroyed 
by drying or grinding. They are purified 
by precipitation with alcohol and resolution, 
and subsequently by fractional absorption 
and elution. In this way their original 
activity has been enhanced many times. 
They work at a maximum p a concentration, 
and are susceptible to a wide range of 
substances which act generally as poisons, 
though sometimes as promoters according to 
the enzyme. The main classes of enzymes 
are : (1) lipases or esterases, which hydrolyse 
fats and esters ; (2) sucroclasts, which 
hydrolyse the various carbohydrates—this 


is a highly specific group ; (3) proteoclasts, 
which hydrolyse proteins and polypeptides ; 
(4) amidascs, which open carbon-nitrogen 
linkages; (5) catalase; (0) oxidizing nnd 
reducing enzymes. This last class is quite 
different in its mode of action from the 
hydrolysing enzymes. The individual en¬ 
zymes arc descril>ed under their appropriate 
headings. Recently substances such as 
ascorbic acid, glutathione, cytochrome, and 
adenylic acid, which arc not destroyed by 
heat, have l>ecn found to act as non¬ 
specific biochemical catalysts. 

The activity of enzymes increases with 
temperature up to a maximum which is 
around 40°; above 50° they arc rapidly 
inactivated. Their action is properly 
studied in the presence of an antiseptic, 
toluene being the most suitable. 

Enzyme catalysis. The mechanism of 
enzyme action is generally attributed to a 
species of catalysis, to which is given the 
name enzyme catalysis. 

Eosin, or Eosin-A, is the potassium salt of 
tetrabromofiuorcscein. 

It is prepared by the 
direct bromination of 
fluorescein. The dye 
is red, but shows a 
brilliant fluorescence 
in ultra-violet light. 

Spirit - soluble eosin 
and cosin-S are the 
corresponding methyl- 
and ethyl-esters re¬ 
spectively. Eosin is used for dyeing silk nnd 
wool, as a constituent of red inks, nnd as a 
stain for tissue slices. 

Eotvos, Roland von (1848-1919). Horn 
at Budapest, EOtvos was educated there nnd 
at Heidelberg. In 1872 he was appointed 
professor of physics in the University of 
Budapest. His investigations were mainly 
upon capillarity, gravitation, and terrestrial 
magnetism. He constructed the Eotvos 
balance. 

Eotvos equation. This equation states 

that y£g ]* = K(T« — T), where y is the 

surface tension, M the molecular weight, 
D the density, T e the critical temperature, 
and T the temperature of the liquid at 
which y and D were measured, and K a 
constant which is approximately 2-0 for 
a few normal liquids. 

Ephedrine, C I0 H 16 ON. 

C,H,. CH(OH). CH(NH . CH,). CH a 
Colourless crystals containing about \ H t O, 
M.P. 40°, B.P. 225°. Soluble in water 
and alcohol. The naturally occurring sub¬ 
stance has [a] D — 6-3° in alcohol. It is 
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obtained from the Chinese drug Ma Huang 
or may be synthesized. Its phys.olog.cal 
action resembles that of adrenaline. It .s 
used to relieve catarrh, asthma, hay fever, 
and for similar conditions. 

Epicamphor (0-camphor), C 10 H 1# O. 

CH, 


H,C 


c- 

H,C • 

C -( 

i'CH, 

1 

H, 

5- 

J:h-< 

0 


CH.Cl 

bL 

„i>° 


/-Epicamphor is prepared from methyl-d- 
bornylene-3-carboxylate, which is converted 
by means of hydroxylaminc into d-bornyl- 
cnc-3-hydroxamic acid. This latter is con¬ 
verted on heating above its melting-point 
into /-epicamphor and ammonia. The 
smell of epicamphor differs from that of 
camphor, although very similar Its d- and 
/•forms have M.P. 182°. The dl -form melts 
at 180°. Epicamphor has B.P. 213° and 
the recorded [a] D values (in benzene) are 
+ 58-4° and - 58-21° ; d- and /-epicamphor 
form oximes of M.P. 103M04 - , whilst that 
of the dl-torm melts at 90°-100°. 

Epichlorohydrin, 3-chloropropylene oxide, 
C,H»OCl, is a colourless liquid 
with an odour resembling that 
of chloroform, D*° 1-181, B.P. 

115M17 0 . Insoluble in water; 
miscible with alcohol and ether. 

Prepared by treating glycerol 
dichlorohydrins with solid sodium hydroxide 
at 25°-30°. The epichlorohydrin is extracted 
with ether and distilled. Reduced by sodium 
amalgam to ally! alcohol, oxidized by nitric 
acid to 0-chlorolactic acid. Reacts with 
alcohols in presence of potassium hydroxide 
to give diethers of glycerol. Used in the 
manufacture of glycerol ethers. 

Epimerism. A type of isomerism shown 
by certain aldose sugars, and some of 
their derivatives. Two isomeric sugars 
are said to be epimers, or cpimcrides, if 
their structural formulse differ only in the 
orientation of the groups attached to the 
carbon atom next to the potential alde¬ 
hyde group of the sugar or to the corre¬ 
sponding group in the sugar derivative. 
Thus d- gluconic acid, 

H H OH H 


HOCH,-C-C-C-C-COOH, 

OH OH H OH 

and D-mannonic acid, 

H H OH OH 


HOCH, 



d)H d)H ii H 


COOH, 


are 


Equilenin 

epimers, and each may be partially 
converted into the other by heating in 
pyridine or quinoline, such a process being 
called epimerization. Dicarboxyl.c acids 
such as mucic acid may be epimcrizcd at 
the carbon atom next to each carboxyl 
group. The sugars themselves arc epi¬ 
mcrizcd to some extent when treated 
with dilute alkalis, but side-reactions also 
occur. 

Epinephrin. Sec Adrenaline. 

Epsom salts. See Magnesium sulphate. 

Equilibrium box. This is a theoretical 
device, first employed by van’t Hoff and 
much used in thermodynamics, by means of 
which a chemical reaction may be carried 
out in a series of reversible operations. 
For example, in studying the reaction 
A + B r 5 C + D, 

the device consists of a box provided with 
four diaphragms, which arc respectively 
permeable to A, B, C, and D. By this 
device a means is provided of removing the 
various substances without considering the 
embarrassing definition of the conditions 
necessary for actually separating the sub¬ 
stances which would have to be faced in a 
practical experiment. 

Equilibrium constant. See Mass action, 
Law of. 

Equilibrium diagram. A simplification of 
the boiling-point diagram used in distillation 
problems. The diagram shows graphically 
for a liquid mixture the composition of the 
vapour which is in equilibrium with the 
liquid. 

Equilibrium, metastable. Under certain 
conditions there may occur some phenomena 
where the existing state of equilibrium 
is so unstable that small disturbances cause 
immediate and rapid shifting of the “ meta- 
stable equilibrium ” to that of the stable 
state under the same conditions. This 
phenomenon is exemplified by superheat¬ 
ing, supercooling, and supersaturation. 

Equileniu, C u H u O,. A substance with 
the properties of a female sex hormone, but 
not so physiologically active as equilin, 
found in the urine of pregnant marcs, M.P. 
258°-259°, with decomposition. Sparingly 
soluble in alcohol. Its probable formula is 
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Equilin, C„H n O,. A substance with the 
properties of a female sex hormone found in 
the urine of pregnant marcs, M.P. 238°- 
240’. Its probable formula is 

CH, CH, CO 

t /YV U 

J | | H 

w 

Equivalence-point. This denotes the 
stage in a titration when the reactants are 
present in equivalent amounts. 

Equivalent, chemical. The chemical equi¬ 
valent or equivalent weight of a substance 
is defined ns the weight of the substance 
which will combine with or displace eight 
parts by weight of oxygen. Equivalents are 
often determined indirectly by making use 
of the law of equivalent proportions. Thus, 
8 g. of oxygen are equivalent to 35-5 g. of 
chlorine. Hence, the equivalent of a sub¬ 
stance may also be determined by finding 
how much of it will combine with or displace 
35-5 g. of chlorine. 

Equivalent conductivity. This is defined 
ns the specific conductance multiplied by the 
volume in c.c. containing 1 g. equivalent of 
the electrolyte. 

Equivalent proportions, law of. This law 
states that substances combine together in 
the ratio of their equivalents. 

Erbium, Er. At. no. 08, At. wt. 107-2. 
An clement of the rare-earth group. Metallic 

erbium hns not been prepared. In - 

its compounds the element is tri- 
valent. The oxide, Er,0„ is pre- 
pared by igniting the oxalate, and 
is a powder with a reddish tinge, 
which is soluble in acids. The 
hydroxide, Er(OH)„ is obtained as 
an uincthyst-coloured gelatinous 
precipitate by the addition of am¬ 
monia or sodium hydroxide solu¬ 
tion to a solution of an erbium u f 
salt. The hydrated chloride, ErCI„ 

0 H 2 O, is obtained by evaporation HO / 
of solutions of the oxide in concen¬ 
trated hydrochloric acid, and forms-- 

deliquescent crystals which are almost 
colourless. The anhydrous salt has a red 
tinge. The bromide, ErBr„ 0H,O, re¬ 
sembles the hydrated chloride. The sulphate 
is a white anhydrous salt, Er,(S0 4 ),; the 
hydrate, Er 2 (S0 4 )„ 8H 2 0, crystallizes in 
rose-coloured prisms. The oxalate, 

Er 2 (C 2 0 4 ) s , 3H,0, 


is precipitated by the addition of oxalic 
acid to a solution containing an erbium 
salt. Erbium salts in solution show a 
number of characteristic absorption bands, 
the chief max. of which arc at XX 0530-0515, 
5231. 4871, 4407. and +127 A. 

Erdmann's salt (Co(NH s ) 2 (N0 2 ) 4 )NIl„ is 
a typical cobultnmrninc, which is prepared 
by the action of ammonium salts and a 
nitrite on a neutral solution of a cobultous 
salt, in the presence of air or oxygen. 

Erepsin. Sec Peptidase. 

Ergobasine. See Ergometrinc. 

Ergometrine, crgotocin, ergobnsine, ergo- 
stetrine, or ergonovinc, C„II„O f N # , is the 
water-soluble alkaloid of ergot to which the 
drug owes much of its physiological activity. 
It is the chief active constituent of all 
aqueous preparations of ergot. It is used 
to promote uterine contraction and control 
post-partum haemorrhage. It is adminis¬ 
tered orally, by intramuscular and intra¬ 
venous injection. Its physiological effect 
is similar to that of ergotoxine, but it is more 
rapid in action and less powerful in 
producing gangrene. 

Ergonovine. See Ergometrine. 

Ergosterol, C„H 44 0, crystallizes with one 
molecule of water from alcohol and an¬ 
hydrous from ether, M.P. 103°. Soluble 
in chloroform and benzene, sparingly soluble 
in alcohol and ether, insoluble in water. 
Md “ 133° in chloroform. Ergosterol is 
a sterol found in yeasts and fungi, and is 
present in small quantities associated with 
cholesterol in the fats of plants and nnimals. 
On ultra-violet irradiation it gives n mixture 
of compounds, including vitamin D t . 
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Ergostetrine. See Ergometrine. 

Ergot is the sclerotium of the fungus 
Claviceps purpurea, which develops in the 
ovary and replaces the grain of rye. Ergot 
owes its physiological activity almost 
entirely to the alkaloids ergoloxine and 
ergometrine. It is employed to excite 
uterine contractions during childbirth, and 
to check uterine haemorrhage by stimulating 
the uterine muscles. It is also used as an 
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emmenogoguc. The chief galenical pre¬ 
paration is the liquid extract which is 
standardized on its alkaloidal content. 
Ergothioneine, Thiolhistidinebetaine, 
C»H, t O,NjS. 

HN-CH (CH,), = N-O 

. t l -CH.-CH-CO 


HS 


V 


Crystallizes in plates with two molecules 
of water, M.P. 200°, with decomposition ; 
[<*]d + 110*5°. A base present in ergot 
and in mammalian blood corpuscles. Its 
physiological importance is unknown. 

Ergotocin. See Ergometrine. 

Ergotoxine is one of the alkaloids present 
in ergot. Its formula is not yet definitely 
established. Ergotoxine is insoluble in 
water, but is dissolved by dilute acids, and 
is usually administered by injection in the 
form of a solution of the ethanesulphonate. 
It causes a rise in the blood pressure and 
produces contraction of unstriated muscle, 
particularly that of the uterus. Continued 
administration causes gangrene. Ergotoxine 
is used almost entirely in obstetrics to 
prevent post-partum haemorrhage. 

Erlenmeyer, Emil (1825-1900), professor 
in Frankfurt, discovered isobutyric acid in 
1805, and synthesized tyrosine in 1883. 

Erlenmeyer ’s rule. This originally pos¬ 
tulated that all unsaturated alcohols of 
the types. 




C—CHOI I and ^>C=*COH— 

were unstable and that any reaction lead¬ 
ing to them would give instead the alde¬ 
hyde or keto forms. 

^>CH—CHO ^,CH—CO— 

Later findings have modified the rule, 
especially when the carbon atoms con¬ 
cerned arc connected with carbonyl- or 
carboxyl-groups, but it still holds good for 
monohydric unsaturated alcohols. 

Erucic acid, C ia H 4 t O a . 

CH, • [CHj] t • CH : CH • [CH,],, • COOH 
An unsaturated fatty acid belonging to the 
oleic acid scries, occurring as glycerides in 
rape oil and other vegetable oils, M.P. 
33*5°-34°. It is the cis-isomer, the Irons - 
isomer being brassidic acid. 

Erythritol, C 4 H 10 O 4 , 

CH.OH • CHOH • CHOH CH.OH 
is the carbohydrate alcohol found in the 
lichens. It has no optical activity and 
crystallizes in large transparent prisms, 
M.P. 125°, 


Erythrityl tetranitrate, C 4 H 4 (N0 3 ) 4 , is 
obtained as white crystals by the nitration 
of erythritol. M.P. 01°, insoluble in water, 
soluble in about 90 parts of alcohol. It is a 
powerful explosive and in medicine is used 
diluted with an equal weight of lactose, 
which renders it inert. It acts as a vaso¬ 
dilator and is used for reducing the blood 
pressure. 

Erythrodextrins. See Dextrins. 

Erythrose, C 4 H B 0 4 , 


Oil OH 

HO CH,- —CHO 

h 
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a tetrosc sugar, both the d and / forms of 
which have been prepared. It has been 
obtained as a liquid, very soluble in water 
and alcohol. 

Erythrozyme. the glycoside-splitting 
enzyme of madder is identical with prim- 
everosidasc—a hetcro-^-glycosidasc. 

Eschka’s reagent is a mixture of two parts 
of magnesium oxide and one part of sodium 
carbonate. It is used for the determination 
of sulphur in coal, coke, and other sub¬ 
stances. 

Eserine. See Physostigmine. 

Esson, William (1838-1910). Esson spent 
his very early years in Inverness. Later he 
went to school at Cheltenham. He was 
elected to a scholarship at St. John’s, 
Oxford, and later became a Fellow of Merton 
College, and Savilian professor of geometry 
in the University. His chemical investiga¬ 
tions were upon problems associated with 
the rate of chemical change. See .7. Chem. 
Soc ., 1917, p. 332. 

Ester Gum. See rosin ester. 

Esterification is the name given to the 
process of formation of esters by the com¬ 
bination of an acid with an alcohol. 

Esters arc organic compounds formed by 
the union of an acid and an alcohol with 
elimination of water. They arc volatile 
liquids or low-melting solids and are usually 
insoluble in water but soluble in alcohol or 
ether. Many esters have characteristic 
fruity odours and occur naturally in fruit. 
As all esters arc decomposed by water to 
some extent, the reaction between an acid 
and an alcohol is never complete unless 
the water produced by the reaction is 
removed. In some cases it is sufficient to 
have a large excess of alcohol present to 
secure a good yield of ester; in other cases 
it is usual to add a liquid such as benzene 
or carbon tetrachloride to the mixture and 
to distil off the water in the form of a low- 
boiling mixture. The reaction between 
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alcohol and acid is very slow at ordinary 
temperatures, but the ester is formed much 
more rapidly at higher temperatures and 
in the presence of a small amount of an 
acid such os sulphuric, hydrochloric, or 
bcnzcncstilphonic acid. Esters are also 
produced by the action of an alcohol on 
an acid chloride or anhydride ; amides also 
react with alcohols to give esters in presence 
of boron fluorides. Some esters may be 
obtained by the action of an aldehyde on 
aluminium cthoxide or isopropoxide; the 
number of aldehydes which undergo this 
reaction is limited. Methyl and ethyl 
esters are often conveniently obtained by 
treating the sodium salt of the acid with 
methyl or ethyl sulphates. Diazomcthanc 
also reacts with organic acids to give 
methyl esters. Esters ean also be prepared 
by heating an alcohol with the methyl 
or ethyl ester of the acid ; in this ease an 
exchange of alcohol radicals occurs and 
methyl or ethyl alcohol is formed. Esters 
arc completely decomposed to acid and 
alcohol by heating with dilute sodium 
hydroxide solution. They renct with 
ammonia to give amides; with ketones 
in presence of sodamide to give 1 :3-di- 
ketones and with Grignard reagents to give 
tertinry alcohols. They arc reduced by 
a mixture of sodium nnd ethyl alcohol to 
the alcohol corresponding to the acid of the 
ester. Used ns solvents, flavouring essences, 
and perfumes ; they arc also used in many 
chemical processes. 

Etard's reaction. This is a direct method 
for the production of aromatic aldehydes 
by the oxidation of the methylated homo- 
logucs of benzene. It is effected by chromyl 
chloride, which first gives addition com¬ 
pounds (c.g. C«II 4 CII, . 2CrO a Cl a ) ; these 
arc decomposed to give the aldehyde and 
a chromic salt. When benzene homologues 
with longer side chains are treated with 
chromyl chloride a ketone is the usual 
product, but with ethylbenzene a mixture 
of phcnylacetaldchyde and acetophenone 
is obtained. 

Ethane, CII a • CH 3 , is a colourless, odour¬ 
less gas : it forms an explosive mixture with 
air. It occurs in the gas from petroleum 
deposits. May be prepared by reduction 
of ethylene or acetylene by hydrogen under 
pressure in presence of a nickel catalyst, 
or by the electrolysis of a solution of potas¬ 
sium acetate. It has the general properties 
of the paraffins. Used in low-temperature 
refrigeration plant. 

Ethanol. See Alcohol. 

Ethanolamines. The three compounds 
are low-melting, colourless solids which 
very readily absorb water and form viscous 


liquids; they have distinct ammoniacal 
odours and are strong bases. Soluble in 
water nnd alcohol, sparingly soluble in 
benzene and ether. Monoeihanolamine, 2- 
Aminoethyi alcohol, Hydroxy-cthylnminc, 
HOCHjCIIjNHj, D*° 1-022, M.P. 10 5°, B.P. 
171®. Is volatile in steam. Diethanolamine, 
Di-(2-hydroxycthyl) amine, 

(IIOCH a CII a ) a NH, 

D” 1 097, M.P. 28\ li.P. 217®/150 mm. 
Not volatile in stcain. Triethanolamine, 
Tri-(2-hydroxycthyl) amine, 
(HOCII a CH a ) a N, 

1120 , M.P. 21®, B.P. 277°/150 mm. 
Not volatile in steam. The commercial 
product contains some mono- and di-ethanol- 
amines. All these compounds arc manu¬ 
factured by heating ethylene oride under 
pressure with concentrated aqueous am¬ 
monia. Excess ethylene oxide favours the 
formation of the triethanolamine, while 
excess nmmonia favours monoethanolaminc. 
They form soaps with fatty acids ; these arc 
almost neutral in reaction nnd arc soluble 
in benzene. The commercial products arc 
colourless liquids which readily absorb 
water vapour. They arc used to remove 
acid constituents, such as carbon dioxide 
and hydrogen sulphide, from gases. The 
acid is liberated by heating the ethanol- 
amine solution above 50®. Phenols mny also 
be extracted from liquors by aqueous solu¬ 
tions of the ethanolamines. The soaps with 
fatty acids arc used ns detergents, emulsify¬ 
ing agents, and in the preparation of cos¬ 
metics. 

Ethene. See Ethylene. 

Ethenoid plastics. High molecular 
weight, usually resinous bodies, obtained 
by the polymerisation of monomers con¬ 
taining one or two reactive ethenoid 
linkages CH a — CHX or by the modi¬ 
fication of such polymers. Typical ethen¬ 
oid monomers arc vinyl acetate, vinyl 
chloride, styrene, isobutylene, ethylene, 
methyl methacrylate, methyl acrylate, 
diallyl esters and vinylidenc chloride. 

Ethenyl, Vinyl. The name given to the 
group CH a = CH—. 

Ether, Sulphuric ether. Diethyl ether. 
Diethyl oxide, (CH a CH a ) a O, is a colourless 
liquid with a pleasant, characteristic odour ; 
it is very volatile and its vapour forms an 
explosive mixture with air, D*° 0-7135, 
B.P. 34-5°. Soluble in water to 7 %; 
soluble in strong sulphuric and hydro¬ 
chloric acids; miscible with many organic 
solvents. The preparation of ether from 
alcohol and sulphuric acid was described 
by Valerius Cordus in 1540. It is manu¬ 
factured by passing alcohol vapour into a 
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mixture of 02 % alcohol and 78 % sulphuric 
acid at 128°. May also be produced as a 
by-product in the manufacture of alcohol 
from ethylene. Commercial ether usually 
contains small amounts of water, alcohol, 
aldehyde, and vinyl alcohol; it may be 
purified by standing over solid sodium 
hydroxide for some days. It is a compara¬ 
tively inert compound and is an excellent 
solvent for a great many organic substances. 
Oxidized by nitric acid to acetic acid. 
Combines with strong sulphuric acid to 
give ethyl hydrogen sulphate and with 
hydrogen iodide to give ethyl iodide. 
Chlorine reacts violently with ether at 
ordinary temperatures but forms various 
chloro-ethere at low temperatures. Crys¬ 
talline addition compounds are formed with 
some metallic salts. Used as a solvent for 
the extraction of oils, fats, waxes, alkaloids, 
and in many other chemical processes. 

It is employed very largely for the produc¬ 
tion of general anarsthesia by inhalation. 
It is considered one of the safest anaesthetics, 
but it is essential that it should be pure und 
free from its very objectionable oxidation 
products, as these give rise to unpleasant 
and dangerous after-effects. Ether nets as 
a carminative to the stomach, and is ad¬ 
ministered in the form of spirit of ether as a 
restorative in collapse. It is also injected 
hypodermically for the same purpose. 

Ethereal sulphates. A certain proportion 
of the sulphur in the urine is present in the 
form of the ethereal sulphates, which are 
esters formed by the union of sulphuric 
acid with phenols. Their excretion is the 
result of n detoxication mechanism, the 
esters being much less toxic than the free 
phenols. The ethereal sulphates have sol¬ 
uble barium and benzidine salts, and can 
thus be separated from the inorganic sul¬ 
phates. They are hydrolysed to sulphuric 
acid and phenols by boiling with acids. 

Ethers are organic compounds of the 
type R —O —R', where R and R' arc alkyl 
or aryl radicals or their derivatives. They 
are formed by heating the sodium deriva¬ 
tive of a hydroxy-compound with an alkyl 
or aryl halide; or by treating the hydroxy- 
compound with an alkyl halide in presence 
of silver oxide. Methyl and ethyl ethers 
are conveniently prepared by the action of 
dimethyl and diethyl sulphates on a 
hydroxy-compound in presence of sodium 
hydroxide solution. Diazomethane will re¬ 
act with phenols in ethereal solution to 
give methyl ethers. The simpler aliphatic 
ethers are manufactured by the action of 
sulphuric acid on the appropriate alcohol 
or olefine. They are usually liquids with 
pleasant odours, but some aromatic and 


the higher aliphatic ethers are crystalline 
solids. They are insoluble in water but 
soluble in alcohol and ether. 

Ethoc&ine. See Procaine. 

Ethoxy, a prefix used in organic chemistry 
to denote that the substance contains an 
ethoxyl, or CH,CH,0—, group. 

Ethoxyl is the name given to the group 
CH,CH,0— ; also written EtO—. 

Ethyl is the name given to the group 
CH, • CH,— ; often written C,H,— and Et—. 

Ethyl acetoacetate. Sec Acctoacctic ester. 

Ethyl acrylate, C,H g O„ 

CH,: CHCOOCH,CH„ 
is a colourless liquid, D° 0 0283, B.P. 
101°. Insoluble in water; miscible with 
most organic solvents. Manufactured by 
treating ethylene chlorohydrin with sodium 
cyanide and heating the /Miydroxypro- 
pionitrilc so formed with ethyl alcohol 
and sulphuric acid. Forms a colourless 
resin on standing. Used in the manu¬ 
facture of synthetic resins. 

Ethyl alcohol. See Alcohol. 

Ethylamines are organic compounds in 
which one or more of the hydrogen atoms 
of ammonia are replaced by ethyl groups. 
They are colourless liquids with strongly 
ammoniacal odours; they arc inflammable 
and burn with a yellow flame. Manu¬ 
factured by passing ethylene or ethyl 
alcohol vapour with ammonia under pres¬ 
sure over heated catalysts. The relative 
amounts of the three amines formed can 
be controlled by varying the proportions 
of ammonia to ethylene or alcohol. They 
are all three strongly basic in character 
and show the typical properties of alipha¬ 
tic amines. Ethvlamine, Monoethylaminc, 
CH,CH,NH„ D” 0 0892, B.P. 18 7°; 
miscible with water, alcohol, and ether. 
Prepared by reduction of acetonitrile or 
by heating ethyl chloride with alcoholic 
ammonia under pressure. It is a strong 
base and will displace ammonia from 
ammonium salts. Forms a crystalline 
hydrochloride and also crystalline com¬ 
pounds with mercuric, auric, and platinic 
chlorides. Diethylaminc, (CH,CH,),NH, 
D‘» 0 7108, B.P. 55 5°; very soluble in 
water, miscible with alcohol and ether. 
Forms a crystalline hydrate, [(C,H,),NHJ, 
H,0. Prepared by the action of a boiling 
solution of sodium hydroxide on nitroso- 
diethylanilinc. Forms crystalline com¬ 
pounds with many metallic chlorides. 
Triethylamine, (CH,CH,),N, is an oily 
liquid, D“ 0 7255, B.P. 89-4°; soluble 
in water, miscible with alcohol and ether. 
Prepared by heating cthylamine with an 
alcoholic solution of ethyl chloride under 
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pressure. It is readily oxidized by potas¬ 
sium permanganate. 

Ethylation is the name given to processes 
by which an ethyl group is added to a 
compound. In aliphatic chemistry this 
involves the substitution of the hydrogen 
atom of a hydroxyl, amino, or imino group, 
and produces an ether or a secondary or 
tertiary amine respectively. In aromatic 
chemistry it may also mean the substitution 
of one of the hydrogen atoms of the ring 
by the ethyl group ; this is carried out by 
the Friedel-Crnfls reaction. 

N-Ethyl carbazole. This crystallizes in 
leaflets. M.P. 07°-08°, very 
soluble in ether and hot 
alcohol. It is used as a 
raw material in making 
Hydron Blue G. 

Ethyl chaulmoograte is an 
oily liquid consisting of the 
ethyl esters of the total 
fatty acids of chaulmoogra oil. It is used 
for the treatment of leprosy, being ad¬ 
ministered by hypodermic or intramuscular 
injection. The drug does not act directly 
on the leprosy bacillus, but stimulates the 
patient's natural resistance. 

Ethyl chloride, Monochloroethane, 
CH,CH,CI, is a colourless liquid with an 
ethereal odour; it bums with a green- 
edged flame, D° 0 0214, B.P. 12-5°. 
Sparingly soluble in water; miscible with 
alcohol and ether. Prepared by passing 
hydrogen chloride into heated ethyl alcohol 
containing zinc chloride. Reacts with 
ammonia at 100° to give ethylaminc hydro¬ 
chloride ; converted to ethyl alcohol by 
heating with potassium hydroxide. Forms 
crystalline products with many metallic 
chlorides. It is used in enormous quantities 
in the preparation of lead tetraethyl and 
ethyl cellulose. 

It is used in medicine solely as an anaes¬ 
thetic for minor operations. When inhaled, 
it is very rapid in its action, but anaesthesia 
cannot be long maintained on account of the 
danger of collapse. Ethyl chloride, having 
a low boiling-point, is useful for the produc¬ 
tion of local anaesthesia ; it is applied in the 
form of a fine spray, and its rapid evapora¬ 
tion freezes the part to which it is applied. 

Ethyl chlorocarbonate. See Chloroformic 

ester. 

Ethyl chloroformate. Sec Chloroformic 

ester. 

Ethyl citrate, Triethyl citrate, C^H^O,, 
CH t COOCH,CH, 

Hoi— COOCHjCH, 
CH,COOCH 2 CH 3 


is a colourless oil with a bitter taste, I)’ 0 
11309, B.P. 185°/17 mm. Sparingly 
soluble in water; miscible with alcohol 
and ether. Manufactured by distillation 
of a mixture of citric acid, alcohol, and 
sulphuric acid with a liquid such as carlwm 
tetrachloride or benzene. Has the typical 
properties of an ester. Used ns a fixative 
in perfumery. 

Ethyl cyanoacetate. See Cynnoacctic 
ester. 

Ethyl diazoacetate. See Diazoncctic 
ester. 

Ethylene. Ethene, Olefiant gas, CH,»CH,. 
is a colourless gas with u faint ethereal 
odour. It occurs to the extent of 4 % to 
5 % in coal gas and is produced in enormous 
quantities by the vnpour-phase “ cracking ” 
of mineral oils. The gas from this process 
may contain up to 25 % of ethylene. It 
is also manufactured by passing alcohol 
vapour over alumina at 400°. May be 
prepared by dropping alcohol on to syrupy 
phosphoric acid heated to 220°. It i9 
inflammable and’ forms an explosive mix¬ 
ture with air. Readily absorbed by con¬ 
centrated sulphuric acid to give ethyl 
hydrogen sulphate; if the reaction is 
carried out under pressure, diethyl sulphate 
is largely formed. It is dissolved by a 
solution of mercuric sulphate and is liberated 
by heating. Absorbed by solutions of 
potassium permanganate to give ethylene 
glycol; by dilute chlorine water to give 
ethylene chlorohydrin. Reduced by hydro¬ 
gen to ethane. Reacts with hydrogen 
bromide and hydrogen iodide at 100° to 
give ethyl bromide and iodide; hydrogen 
chloride docs not react under these con¬ 
ditions. With ammonia under pressure 
the ethylamines arc formed. Reacts with 
water at 450°, or at lower temperatures in 
presence of catalysts, to give ethyl alcohol. 
When heated at a high temperature under 
pressure it is converted to a mixture of 
liquid hydrocarbons. It is given off in 
minute amount by ripe apples and has the 
property of accelerating the ripening of 
fruit. Used in the manufacture of alcohol, 
ethylene dichloridc and dibromidc, ethylene 
chlorohydrin, ethylene glycol, ether, diethyl 
sulphate, mustard gas, and the ethylamines. 

Ethylenechlorohydrin, 2-Chloroethyl 
alcohol, 

CH t OH 

ill.C! 

is a colourless liquid with a faint ethereal 
odour, D*° 1-218, B.P. 129°. Miscible with 
water, alcohol, and benzene. Forms a 
constant-boiling mixture (B.P. 96° /740 mm.) 
containing 42*3 % chlorohydrin by weight. 
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Manufactured by passing ethylene into 
dilute chlorine water, or by passing a 
mixture of ethylene and carbon dioxide 
into a suspension of bleaching powder in 
water. It reacts with solutions of sodium 
bicarbonate to give ethylene glycol and with 
solid sodium hydroxide to give ethylene 
oxide; with concentrated sulphuric acid at 
100° to give flp-dichloroethyl ether; with 
ammonia and amines to give aminoethyl 
alcohols and with sodium salts of organic 
acids to give glycol esters. It is used in 
the preparation of these compounds and in 
the synthesis of phcnylethyl alcohol, novo¬ 
cain, and indigo. Also used as an insecti¬ 
cide and for forcing the early sprouting of 
potatoes. See “Chemistry of Petroleum 
Derivatives,’’ by Carlcton Ellis. 

Ethylenediamine, 1:2 Diaminoethane, 

C,H.N„ 

CH,NH, 




!H t NH a 

is a colourless liquid which fumes in air and 
has a strong ammoniacal odour, D u 0 002, 
M.P. 11°, B.P. 116°. Soluble in water. 
Absorbs carbon dioxide and water from 
the air to give ethylenediamine carbamate. 
Manufactured by heating ethylene dichloridc 
with ammonia under pressure in presence 
of cuprous chloride. It combines with 
hydrochloric acid to give a crystalline 
hydrochloride. Forms oil-soluble soaps with 
fatty acids; these arc used as detergents 
and emulsifying agents. It is also used as 
a solvent for certain vat dyes and for casein, 
shellac, and resin. 

Ethylene dibromide, l : 2 Dibromoethane, 

C.H.Br,, 

CH,Br 


h 


H,Br 

is a colourless liquid with a sweet odour, 
D*° 21816, M.P. 10°, B.P. 131 6°. Insoluble 
in water,; miscible with most organic 
solvents. Manufactured by passing ethylene 
through bromine or bromine and water at 
about 20°. Chemical properties similar to 
those of ethylene dichloridc ; when heated 
with alkali hydroxides, vinyl bromide is 
formed. Used extensively in “ ethyl ’’ 
petrols to combine with the lead formed by 
decomposition of lead tetraethyl. 

Ethylene dichloride, 1:2 Dichloroethane, 
CH,C1 
I 

CH.C1 

is a heavy, colourless liquid with an odour 
like that of chloroform, D*° 1-257, B.P. 83-5°. 
Very sparingly soluble in water; sparingly 
soluble in alcohol and ether; miscible with 


hydrocarbons, essential oils, and mineral 
oils. It is an excellent solvent for oils, fats, 
and waxes. Was first prepared in 1795 by 
four Dutch chemists, and known as oil of 
Dutch chemists. Manufactured by treating 
ethylene with chlorine, either as gases in 
presence of catalysts or as liquids under 
pressure. Converted to ethylene glycol by 
heating with solutions of sodium carbonate, 
and to vinyl chloride by heating with 
anhydrous sodium hydroxide. It reacts 
with anhydrous acetates to give ethylene 
glycol diacetate, and with ammonia to 
give ethylenediamine. It burns only with 
difficulty, and is not decomposed by boiling 
water. Used as a solvent for trinitrotoluene, 
and to remove wax from mineral oils ; for 
degreasing metallic articles, and as a con¬ 
stituent of soaps used to remove grease. 
Mixed with 33 % carbon tetrachloride, it is 
used as a fumigant for grain. It forms 
rubber-like plastics with sodium tetra- 
sulphidc. Sec “Chemistry of Petroleum 
Derivatives,” by Carlcton Ellis. 

Ethylene dinitrate. Ethylene glycol dini¬ 
trate. C.II.O.N,, 

CIIjONO, 

CHjONO, 

is a colourless liquid with u sweetish taste 
and no appreciable odour, D}J 1-400, B.P. 
105°/19 mm.; it explodes at 215° when 
rapidly heated. Slightly soluble (7 %) in 
water; miscible with alcohol, chloroform, 
and benzene. Manufactured by treating 
ethylene glycol with a mixture of fuming 
nitric and sulphuric acids at a low tempera¬ 
ture ; or by passing ethylene into a cold 
mixture of nitric and sulphuric acids. The 
nitrate separates as an insoluble layer, and 
is washed with water and distilled under 
reduced pressure. It is more volatile than 
nitroglycerin and its vapour is toxic. Less 
sensitive to shock than nitroglycerin and a 
rather more powerful explosive. Used as an 
explosive of the dynamite type ; it is mixed 
with nitroglycerin to reduce the freezing- 
point of dynamite. 

Ethylene glycol, 1 : 2-Dihydroxyethane, 

CHjOH 

in.OH 

is a colourless, odourless, rather viscous 
liquid having a sweet taste, D 20 1-114, 
B.P. 197°. Miscible with water, alcohol, and 
many organic solvents. It readily absorbs 
up to twice its weight of water vapour from 
the air. Manufactured by heating ethylene 
dichloride with a solution of sodium car¬ 
bonate, or by heating ethylene choro- 
hydrin with a solution of sodium bicarbonate 
at 60°-80°. It is believed to be toxic. For 
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chemical properties see glycols. Used for 
the preparation of various esters which are 
plasticizers; glycol dinitratc is used as an 
explosive. Also used os an anti-freezing 
agent in automobile engines and for de¬ 
icing air-screws and aeroplane wings. 

Ethylene glycol dinitrate. See Ethylene 
dinitratc. 

Ethylene glycol monobutyl ether, Butyl- 
cellosolve, 

C«H l 4 O ti CH a CH t CH,CH,OCH t CH,OH, 

is a colourless liquid with a pleasant odour, 
D” 0 0017, B.P. 170-7°. Miscible with 
water nnd most organic solvents. Manu¬ 
factured by heating ethylene oxide with 
n-butyl alcohol in presence of nickel sulphate 
as a catalyst. Used as a solvent in brushing 
lacquers. 

Ethylene glycol monoethyl ether, Cello¬ 
solve,, 

C*H l 0 O„ CHjCH a OCH,CH,OH, 
is a colourless liquid with a pleasant odour, 
D” 0 0311, B.P. 135-1°. Miscible with 
water and most organic solvents. Manu¬ 
factured by heating ethylene oxide with 
ethyl alcohol and a catalyst, such as nickel 
sulphate; or by treating ethylene glycol 
with diethyl sulphate and sodium hydroxide. 
Used extensively as a solvent in nitrocellu¬ 
lose lacquers. 

Ethylene glycol monoethyl ether acetate, 
Cellosolve acetate, 

C*H lt O a , CH 3 CH t OCH 1 CH,OOCCH, f 
is a colourless liquid with a pleasant 
ethereal odour, 0 0740, B.P. 156°. 

Soluble in water to 22 % by weight; 
miscible with most organic solvents. Manu¬ 
factured by heating ethylene glycol mono- 
ethyl ether with acetic acid. Used as a 
solvent in nitrocellulose lacquers. 

Ethylene glycol monomethyl ether, Methyl 
cellosolve, 

C,H,0„ CHjOCIIjCHjOH, 

is a colourless liquid with a pleasant odour, 
D\° 0 0 9G00, B.P. 124-3°. Miscible with 
water and most organic solvents. Manu¬ 
factured by heating ethylene oxide with 
methyl alcohol, either under pressure at 
180 ° or in presence of a catalyst such as 
nickel sulphate. Also obtained by treating 
ethylene glycol with dimethyl sulphate and 
sodium hydroxide. Used as a solvent for 
cellulose acetate lacquers and for certain 
dyes and resins. 

Ethylene oxide is a colourless gas with a 
sweet odour; it is somewhat lachry¬ 
matory, DO-887, B.P. 10-5°. Soluble 
in water and organic solvents. 
Manufactured by heating ethylene 
chlorohydrin with solid sodium hy¬ 
droxide or quicklime; or by treating vinyl 



acetate with water at 100 ° in presence of 
pyridine. It forms an explosive mixture 
with air. Reacts with water in presence of 
sulphuric acid to give ethylene glycol and 
polyethylene glycols; with alcohols and 
phenols to give ethers of glycol; and with 
hydrochloric acid to give ethylene chloro¬ 
hydrin. It reacts with many primary 
and secondary amines to give hydroxy- 
cthylamincs; with organic acids to give 
monoesters of ethylene glycol, nnd with acid 
anhydrides to give diesters. It is reduced 
by hydrogen to ethyl alcohol, and is con¬ 
verted to acetaldehyde by heating at 200 °- 
300° in presence of alumina. Used ns a 
fumigant and insecticide for stored grain ; 
for this purpose it is mixed with carbon 
dioxide to increase its insecticidal value and 
to diminish its inflammability. Also used 
in the manufacture of esters and ethers of 
ethylene glycol. May be detected in air by 
passing this through a 22 % solution of 
sodium chloride containing phenolphthalein 
and heating the solution for one minute at 
100 °. At a concentration of ethylene oxide 
of 0-5 mg./litre a pink colour is produced by 
200 ml. of air. Sec “ Chemistry of Petroleum 
Derivatives," by Carleton Ellis. 

Ethyl formate. HCOOCH.CH,, is a 

colourless liquid with the odour of peach- 
kernels, D*° 0-01G8, B.P. 54 3°. Insoluble 
in water; miscible with alcohols, ether, and 
benzene. Prepared by boiling ethyl alcohol 
and formic acid in presence of a little sul¬ 
phuric acid; the product is diluted with 
water and the insoluble ester separated and 
distilled. Used as a fumigant and larvicidc 
for dried fniits, tobacco, and food-stuffs. It 
is also used in the synthesis of ancurin. 

Ethyl hydnocarpate consists of the ethyl 
esters of the fatty acids of hydnocarpu* oil. 
It has the same action and is used for the 
same purposes as rlhyl chaulmoogralc. 

Ethyl hydrogen sulphate, Ethylsulphuric 
acid, CH,CH, • HS0 4 , is an oily liquid with 
an acid reaction, D 17 1-310. Soluble in 
water and slowly hydrolysed by it to ethyl 
alcohol and sulphuric acid. Prepared by 
passing ethylene into concentrated sul¬ 
phuric acid or by heating ethyl alcohol 
and sulphuric acid. Gives ethylene when 
heated alone, and diethyl sulphate when 
heated with ethyl alcohol at 140°. Forms 
crystalline metallic salts which are soluble 
in water. 

Ethylidene is the name given to the 
group CH, • CH<^ 

Ethylidene diacetate. 


XJOCCH, 

CH,CH< 

X)OCCH, 
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Is a colourless liquid with a characteristic 
heavy odour, D>‘ 1 073. M.P. 18-9“, B.P. 
169®. Manufactured by passing acetylene 
into glacial acetic acid containing mercuric 
sulphate. The temperature is kept above 
70 ° • at lower temperatures vinyl acetate is 
also’formed. It is not very readily decom¬ 
posed by water to give acetaldehyde and 
acetic acid. Decomposed when heated 
above 150° to give acetic anhydride and 
acetaldehyde ; some vinyl acetate is formed. 
It is an intermediate product in the manu¬ 
facture of acetic anhydride from acetylene. 

Ethyl iodoacetate, Iodoacetio ester, 
C 4 H,O t I, ICH.COOCHjCH,, is a colourless 
liquid, the vapour of which is a powerful 
lachrymator, D«*» 1-8173, B.P. 178M80®. 
Insoluble in water; miscible with alcohol 
and ether. Manufactured by warming 
monochloroacetic ester with potassium 
iodide in alcoholic solution. It is very 
similar in its reactions to monochloroacetic 
ester. Used as a lachrymator in shells 
and grenades. 

Ethyl lactate, C 4 H I 0 O„ 


CHjCHOH • COOCH.CH,, 

is a colourless liquid with a pleasant odour, 
D ,# 1 0308, B.P. 154°; miscible with water 
and most organic solvents. Manufactured 
by distilling a mixture of dMactic acid, 
ethyl alcohol, and benzene in the presence 
of a little sulphuric or benzene sulphonic 
acid. The water produced by the reaction 
is removed in the distillate and the yield 
of ester is higher than if no benzene is used. 
It is a solvent for cellulose nitrate and 
acetate and also for various resins. Used 
as a lacquer solvent. 

Ethyl morrhuate is the ethyl ester of the 
purified unsaturated fatty acids of cod-liver 
oil. It is administered by hypodermic 
injection, and it is stated that it induces the 
destruction of the tubercle bacillus and aids 
in building up the body’s resistance. 

Ethyl orthoformate. See Orthoformic 
ester. 

Ethyl radical. The group - CH, • CH„ 
or Et. Prepared in the free state by the 
thermal dissociation of PbEt 4 , or by the 
photolysis of Et,CO. It decomposes to 
yield CH, above 600°. 

Ethyl silicate, sometimes called “silicon 
ester ’’ has the formula Si(OC,H 5 ) 4 . It is a 
thin mobile liquid, resembling paraffin in 
appearance and with a mild ester-like odour, 
B.P. 168°, F.P. — 77°, made by reacting 
alcohol with silicon tetrachloride. It is 
readily miscible with petrol, alcohol, ben¬ 
zene, or light petroleum. It is not miscible 
with water, but is slowly decomposed by it 
to give ethyl alcohol and silicic acid, which 


dehydrates to an amorphous, very resistant 
form of silica. It is used for waterproofing 
stonework, for making precision castings, 
and for bonding. 

Ethyl succinate. Diethyl succinate, 

c.h 14 o 4 , 

ch,cooch 2 ch, 

l?H 2 COOCH 2 CH, 


is a colourless liquid with a faint odour, 
D w 10402. B.P. 217-7°. Insoluble in 
water; miscible with alcohol and ether. 
Manufactured by heating succinic acid 
with alcohol and sulphuric acid. Has the 
typical properties of an ester. Used as a 
fixative in perfumery. 

Ethyisulphuric acid. See Ethyl hydrogen 
sulphate. 

Eucaine. See Benzainine hydrochloride. 

Eucalyptol. Sec 1 : 8 -Cincole. 

Eucalyptus kino. See Red gum. 

Eucalyptus oil is the oil distilled from the 
leaves of various species of Eucalyptus. Its 
chief constituent is cineole, which is present 
to the extent of at least 70 %. Eucalyptus 
oil is used chiefly as an antiseptic; it is 
inhaled for catarrh, and used ns a pro¬ 
phylactic for colds and influenza. 

Eucarvone, C 10 H 14 O. A monocyclic 

tone obtained by the action 
of alkali on carvone hydro- 
bromide. It is a colourless 
oil resembling menthonc in 
smell and of B.P. 88°/10 
mm., dj® 0-9490, nf,® 

1-50872. It forms a char¬ 
acteristic semicarbazone, 

M.P. 183°-185°. 

Euflavine, neutral acri- 
flavinc, is obtained from commercial acri- 
flavinc by neutralization and precipitation 
with sodium chloride. It is used for the 
same purposes as acriflaxnnc, but on account 
of its freedom from acid it has a less irritant 
action on mucous surfaces. 

Eugenol, 4 - allyl - 2 - methoxyphenol. 


kc- 


CH, 

A 

H<i in, 
XII, 


C, 0 H„O t . A colourless 


OH 



I—OCH, 


CH : CH. 


liquid, B.P. 254°. Soluble 
in alcohol and ether, spar¬ 
ingly soluble in water. It 
is the chief constituent of 
oil of cloves from which it 
is obtained by extracting 
with excess alkali and 
decomposing with acid. It is also present in 
oil of bay and oil of cinnamon. It is used in 
dentistry as an antiseptic dressing and mixed 
with zinc oxide as a temporary filling. It 
is a strong antiseptic and is used as a 
preservative to prevent mould growth. 

Euglobulins. See Globulins. 
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Euler-Chelpin, Hans Karl August Simon 

von (1873- ). Bom at Augsburg, 

Euler-Chelpin was educated at Berlin, 
Gottingen, and Wurzburg. In 1897 he 
became assistant in physics and in 1899 
lecturer in physical chemistry at Stock¬ 
holm. Commencing biochemical researches 
in 1904 he went to Berlin and to the In- 
stitut Pasteur, Paris, for further study. 
In 1900 he became professor of general and 
organic chemistry, and in 1929 Director 
of the Biochemical Institute, Stockholm 
University. His chief researches have 
dealt with enzymes, fermentation, etc., 
and his work in this field gained him the 
Nobel Prize in Chemistry in 1929 (jointly 
with A. Harden). 

Europium, Eu. At. no. 03, At. wt. 152 0. 
One of the least abundant of the rare-earth 
elements. Monazitc sand contains only 
some 0 002 % of europium oxide. The 
metal has not been isolated. The com¬ 
pounds arc interesting because the element 
exhibits a valency of two, as well as the 
usual rare-earth valency of three. The 
oxide, Eu,Oj (europin), is n rose-coloured 
solid which is formed by ignition of the 
oxalate or the hydroxide. The sulphate 
and nitrate exist ns oetahydrate and hexa- 
hydrate, respectively, both salts having a 
rose colour. The trichloride, EuCI„ is 
reduced by hydrogen at 400° to curopous 
chloride, EuCI„ which is colourless. The 
curopous salts, Eul, and EuS0 4 , have also 
been prepared. Traces of europium may 
be detected by strong lines in the arc 
spectrum at XX 4129 9 and 4205-2 a. In 
solutions of europium salts characteristic 
bonds arc observed with maximum at XX 
5251, 5234, 4050, 4045, and 3015 a. 

Eutectic. When a mechanical mixture 
of substances melts sharply, the mixture 
is said to Ik* a eutectic or eutectic mixture, 
and the melting point is the eutectic melting 
point. 

Eutectic point. The point on the phase 
diagram of a mixture of substances which 
represents the melting point and composition 
of a eutectic is called a eutectic point. 

Evans, Ulick Richardson (1889- ). 

Born at Wimbledon, Evans was cdueated 
at Cambridge, where he has since 1032 
held the Armourers and Brasicrs Company's 
Research Fellowship in Metallurgy. His 
work has dealt almost entirely with cor¬ 
rosion, on which he has written two mono¬ 
graphs and many papers. 

Everitt’s salt. Sec Ferrocyanides. 

Evipan. A trade name for hcxobarbilone. 
Excelsin. A protein, belonging to the 
globulin class, that can be obtained crystal¬ 
line from the Brazil nut. 


Excess air. In order to ensure that a 
fuel on a boiler grate is completely burnt, 
it is necessary to burn it with more than 
its theoretical requirement of air. In 
most industrial furnaces combustion is not 
perfect and some fuel passes to the chimney 
without giving up its full quota of heat. 
Analysis of the flue gases will show this 
by the presence of carbon monoxide and 
oxygen. Too great an excess of air, how¬ 
ever, will result in an impaired thermal 
efficiency, since part of the heat will be used 
to raise the temperature of the incoming 
air to that of the final combustion gases. 

Exothermal. An alternative word for 
exothermic. 

Exothermic. Compound or reaction. A 
reaction in which heat is evolved is called 
an exothermic reaction. Likewise an exo¬ 
thermic compound is one which is formed 
from its elements with the evolution of heat. 

Explosives arc ‘‘solid, liquid, or gaseous 
substances which, when submitted to a 
local initiatory impulse such ns shock, 
friction, sparks, etc., suffer rapid decom¬ 
position with the production of u consider¬ 
able quantity of heat and large volumes of 
gases which may occupy many times the 
volume of the original explosive ” (Thorpe's 
Dictionary). The disruptive phenomena 
associated with the action of explosives 
arc due to the heat evolution, and to the 
pressure produced by confinement of the 
hot gaseous decomposition products. Gun¬ 
powder and the other “ powder " explosives 
owe their effectiveness to very rapid re¬ 
action between the constituents. The more 
modem “ high explosives ” are generally 
pure substances (such as trinitrotoluene) 
or mixtures containing nitrates or organic 
nitro-groups ; these frequently burn with¬ 
out undue violence when ignited in an 
open space, but when “ detonated ” by 
sudden mechanical or explosive shock they 
decompose with explosive rapidity into 
simple gaseous products such as nitrogen 
and carbon monoxide or dioxide. Ex¬ 
plosives vary considerably in their sen¬ 
sitivity to mechanical shock ; mercury 
fulminate and certain metallic azides arc 
extemcly sensitive, and are accordingly 
used in “detonators” to initiate the ex¬ 
plosion of larger masses of less sensitive 
material. Trinitrotoluene, guncotton, cor¬ 
dite, etc., are insensitive to shock and can 
be handled in bulk without undue hazard. 
The “violence” of an explosive depends 
largely on the rate at which the detonation 
“ wave,” once initiated, proceeds through 
the mass of material. The choice of an 
explosive for a particular purpose is chiefly 
governed by the required rate and ease of 
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detonation, and by considerations of safety 
involved in its use. 

External compensation. The state exist¬ 
ing in a mixture in equimolecular propor¬ 
tions of the dextro- and lxvo-rotatory forms 
of u given optically active substance. The 
two components of the mixture produce 
equal and opposite amounts of rotation of 
the plane of polarization, with the result 
that the mixture (usually if examined in 
solution) will be inactive. 

Extinction coefficient. Instead of using 
the absorption coefficient (*) as a char¬ 
acteristic of a medium which absorbs light, 
Bunsen employed the extinction coefficient 
(a), which is the reciprocal of the layer 
thickness measured in centimetres, in which 


the intensity of the incident radiation has 
been reduced to one-tenth of its original 
value. It may be shown that 

a = 0-4343 k. 

Sec Beer’s law. 

Extraction. The removal of a soluble 
constituent from finely divided solids by 
means of a suitable solvent. This is essen¬ 
tially the same process as leaching, but the 
term extraction is normally applied to the 
treatment of rather finer solids. The 
limiting case of extraction is the dissolving 
of a completely soluble solid, in which case 
no residue remains. 

Extra-nuclear electrons. See Planetary 
electrons. 


F 


Face-centred cubic lattice. A modifica¬ 
tion of the cubic lattice having, in addition 
to a point at each corner of the cube, a 
further point at the centre of each face. Sec 
Cubic close-packing. 

Factice. Sec Substitute. 

Fahl ore. See Tctrahedrite. 

Fajans, Kasimir (1887- ). A native 

of Warsaw, Fajans was, in 1917, apjiointcd 
professor of physical chemistry at the 
University of Munich. He carried out 
numerous researches in the field of radio¬ 
activity and, simultaneously with Soddy, 
he discovered the secret of radio-active 
disintegration. 

Fajans’ Rule. Elcctrovalent links are 
most readily formed ( 1 ) by an atom, which 
yields ions with a low charge (e.g. sodium, 
which yields the Na* ion, should show a 
greater tendency to form electrovalcnt links 
than aluminium, which yields the ion 
Al***), and (2) by an atom which yields a 
large positive ion if it ionizes positively, or 
a small negative ion if it ionizes negatively 
(e.g. exsium should form electrovalent links 
more readily than sodium). Fajans' Rule is 
helpful, but not without exceptions. 

Faraday, Michael (1791-1867). Born at 
Newington Butts, Faraday became appren¬ 
tice to a bookbinder. His hungry mind 
eagerly absorbed the books which passed 
through his hands until, stimulated by 
some chemical lectures by Sir Humphry 
Davy, he entered the service of science. 
His advance was rapid; laboratory assis¬ 
tant to Davy at the Royal Institution in 
1818, F.R.S. in 1824, professor of chemistry 
in 1827. Amid a varied field of research, 
his fame rests mainly on his work on voltaic 
and frictional electricity, on the magnetic 
rotation of the plane of polarized light, on the 
electrolytic dissociation of solutions, on his 


discovery of electric induction and magneto- 
electric induction, and on his discovery of 
benzene. See Lives by Tyndall (1808), 
Bence Jones (1870), and others. 

Faraday dark space. See Glow disclmrgc. 

Faraday’s Laws ol Electrolysis. In 1834 
Faraday derived the laws of electrolysis 
which state that (i) the amount of de¬ 
composition during electrolysis is propor¬ 
tional to the quantity of current passed, and 
(ii) for the same quantity of electricity 
passed through different solutions the ex¬ 
tent of decomposition is proportional to 
the equivalent weight of the clement or 
radical liberated. 

Farnesol, C,»H n O. Probably a mixture 
of 

H,C CH, CH, 

: CH • CH, • CH, • d: CH • CH, • CH, • i : CH • CH, • OH 

H,C 
H»C 

C•CH,• CH, •CH, •C:CH• CH, • CH, • C: CH • CH, OH 



A sesquiterpene alcohol found in citronella, 
palmarosa, rose, neroli, and other essential 
oils. It is also formed when synthetic 
d/-neroIidol is treated with acetic anhydride. 
Famesol boils at 120°/0-3 mm. Its other 
physical characteristics vary according to 
origin; d 0 885-0-8954, n D 14881-14924. 
Farnesol is best isolated as the hydrogen 
phthalate. It has a very characteristic 
smell and is of value as a perfume. It 
slowly decomposes on keeping with for¬ 
mation of a-farnesene, C 1S H 14 . On oxida¬ 
tion it yields the aldehyde farnesal, C 15 H,,0, 
the semicarbazone of which has M.P. 
133°-134°. 


and 


r 


CH, 




Fast 


208 


Fatty 


Fast light yellow G. See Pyrazolone 

dyes. 

CH,—C—C—N, • C.H, 

N i(OH) 

N —{ SO,Na 


It is prepnred by coupling dinzotized 
aniline with l-p-sulphophcnyl-3-incthyl-5- 
pyrazolonc. 

Fast printing green (BDC). 


NOII OH 



A nitroso-dye (oc-nitroso-/J-naphthol, 1 :2 
nnphthaquinonc -1 -oxime) prepared by the 
action of sodium nitrite and hydrochloric 
acid on sodium /?-nnphtholatc. It is used 
to some extent for printing on an iron 
mordant, when it forms a vivid green, 
fast to light. Its water-soluble bisulphite 
compound is Naphthine S which can be 
reduced by sulphur dioxide and hydro¬ 
chloric acid to the amino-hydroxy-sulphonic 
acid which is an important intermediate 
for chromsco dyes. a-Nitroso-/J-naphthol 
is also used for the estimation of cobalt in 
the presence of nickel. 

Fast red A(B), 


>O a N 

C, 0 H. 

'N——C„H,OH 

is an oxvazo-compound which contains 
two naphthalene rings, and is prepared 
from diazo-naphthionic acid and 0-naphthol. 

Fatigue of metals. If a specimen of a 
metal is submitted to a repeated alternating 
stress it will eventually fail at a stress 
value well below the critical stress value 
found by static tests. This failure under 
this condition is due to “ fatigue.” 

Fats. The fats are esters of fatly acids 
with glycerol with the general 
formula, shown herewith; 

R„ R„ and R, may be the 
same fatty acid residue, but 
in general the fats are 
mixed glycerides, each fatty 
acid being different. The fatty acids present 


CH, • OOCR, 
£h OOCR, 
CH, • OOCR, 


in the greatest quantity in fats arc oleic acid, 
palmitic acid, and stearic acid. The term 
"oil ” is usuully applied to those glycerides 
which are liquid at 20°, and the term 
“fat" to those that arc solids at that 
temperature. 

The fats arc mostly insoluble in water 
and very sparingly soluble in cold alcohol. 
They arc soluble in hot alcohol, in ether, 
acetone, carbon disulphide, chloroform, 
carbon tetrachloride, benzene, and other 
organic solvents. They arc hydrolysed to 
glycerol and fatty acids by boiling with 
acids and alkalis, by superheated steam, 
and by the action of certain enzymes, the 
lipases. If alkalis arc used for hydrolysis, 
the fatty acids liberated recombine with 
the alkalis to form soaps. Alkaline hydro¬ 
lysis is therefore called su|>onincation. 

When the fats arc heated above 250* they 
decompose with the production of acrolein, 
the intense smell of which is one of the best 
methods for detecting fats. The extraction 
of fats from tissues is most conveniently 
carried out by extraction with ether or 
some other solvent in a Soxhlct apparatus. 
They can be characterized by their melting- 
points or solidiftcation-points, and by 
various chemical methods. Sec acid value, 
saponification value, iodine value, acetyl 
value, llehner value, Reichert-Meissl value. 

The fats arc essential constituents of the 
food of animals, although conversion of 
carbohydrates to fats in the animal body 
docs occur. They are partially absorbed 
from the gut ns fats to the lymphatic system 
and partially hydrolysed by lipases and 
absorbed as fatty acids which arc carried 
direct to the liver. They are split up in 
the body principally by oxidation at the 
P carbon atom. 

Fatty acids. The fatty acids arc mono¬ 
basic acids containing only the elements 
carbon, hydrogen, and oxygen, and con¬ 
sisting of an alkyl radical attached to the 
carboxyl group. The saturated fatty acids 
have the general formula C B H |B 0,. Formic 
acid and acetic acid arc the two lowest 
members of this series, which includes 
palmitic acid and stearic acid. There arc 
various series of unsaturated fatty acids : 

The oleic acid series, C B H tn - t O„ with one 
double bond, of which acrylic acid is the 
lowest member. 

The linoleic acid scries, C B H„,_ 4 0„ with 
two double bonds. 

The linolenic acid series, C B H, B - 4 0„ with 
three double bonds. 

There also exist natural fatty acids with 
four or more double l>onds, fatty acids with 
hydroxy groups in the molecule, and certain 
cyclic fatty acids. 



Fenchenes 


Fehling • 

The lower members of the sen*sare 
liquids soluble in water and ^ oIat,Ie 
steam. As the number of carbon atom, 
in the molecule increases, the meltin - 
points and boiling-points rise and the acios 
become less soh.ble in water and less volatile. 
The higher fatty acids are solids insoluble 
in water and soluble in organic solvents. 

The fatty acids occur in nature chiefly as 
glycerides, which constitute the most im¬ 
portant part of the fats and oils, and as 
esters of other alcohols, the waxes. The 
naturally occurring fatty acids are mostly 
the normal straight-chain acids "nth an 
even number of carbon atoms. They have 
an open zig-zag-chain structure with an 
angle of 109° 28' between three adjacent 
carbon atoms. 

Fehling, Hermann von (1811-1885). Horn 
at Lubcck, Fehling studied chemistry under 
Liebig. In 1830 he was appointed professor 
of chemistry at Stuttgart. His name is 
associated with the solution used for the 
detection of reducing power in organic 
compounds and in the quantitative estima¬ 
tion of sugars. 

Fehling’s solution. A solution of copper 
sulphate, sodium potassium tartrate, and 
sodium hydroxide usc<T for estimating 
reducing sugars. The British Pharmacopeia 
official solutions arc (1) 3464 gm. or 
copper sulphate in 500 c.c., (2) 176 gm. 
of sodium potassium tartrate and 77 gm. 
of sodium hydroxide in 500 c.c. The 
reagents arc kept separate and mixed 
before use. All Fchling’s solutions contain 
the same amount of copper, as the mixed 
solution is of such a strength that 10 c.c. 
is just reduced by 0 05 gm. of glucose, 
but the quantities of the other reagents 
can be varied slightly. 

Feld scrubber. Sec Bartlctt-Hayward 
washer. 

Felspar. A group of aluminosilicates 
containing one or more of the following 
bases: potash, soda, lime, barium oxide. 
The felspars are arranged in two groups : 
the monoclinic felspars, of which orthoclose 
and microcline are the best known, and the 
triclinic felspars which include • albite, 
oligoclasc, labradoritc, anorthite, etc. The 
felspars occur in large crystalline masses, 
Norwegian felspars being the most im¬ 
portant industrially, sp. gr. 2-5-2-9, hardness 
about 6, M.P. 1160°-1190°. Molten felspar 
has a high solvent power for silica and for 
clay. 

Felspars are used in the ceramic and 
enamelling industries, particularly in porce¬ 
lain and in glazes. 

Fenchenes, A group of terpenes 

chemically derived from fenchone, in most 


• 

cases with intramolecular rearrangement, of 
£3Ta character that their carbon skeletons 
usually differ from those of fenchone. 
a-Fenchene. 

H.C-CH-CM. 

] H.C • i • CH, 


H,C- CH -C : CH, 

This compound is prepared by the dis¬ 
tillation of methyl-a-fenchyl xanthate or by 
the action of nitrous acid on fcnchylaminc. 
It is also obtained, admixed with £-, V» 

and cyclo-fenchenes by the dehydration of 

fcnchyl alcohol with potassium bisulphate. 
f-a-Fenchene from /-fenehylamine has U.l. 
156°-157°, d” 0 869, rtf T-4724. W» 
- 32 J 2°, whilst for d-fcnchcne la] D + 
is recorded. It forms a crystalline dibro- 
mide. the optically active forms of which 
have M.P. 87°-88 0 and the racemic form 
M.P. 62°. 

B-Fcnchcne. 


H,C-CH- 

Ah, 


H,C: 


CH, 

1h, 


This compound is prepared cither as de¬ 
scribed under a-Fenchcnc, or by the action 
of o-toluidine on f-isofcnchvl chloride. 
d-fl-Fenchene prepared by the latter method 
has B.P. 150°-153°, d? 0-8501, nj, 1 4645, 
[a] D -f 62 91°. It forms a crystalline di- 
bromide, M.P. 81°-82°. 

yFenchene. CH> 

IIC-CH-C 


II iH * h 

H.C-1 CH CH, 


This compound has not been obtained pure. 
It forms the main portion of the hydro¬ 
carbon fraction of B.P. 145°-147°, obtained 
bv the dehydration of a-fenchvl alcohol with 
potassium bisulphate. The other character¬ 
istics of this fraction arc: dj° 0-8547, rtf 
1 4607. 

h-Fenchcnc. 


HC-CH- 

<!;h, 



Fenchone 
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This compound is also known as fenchylcne 
and isofenchylcnc. It has not been obtained 
free from cyclofcnchcnc and is present in the 
lowest-boiling hydrocarbon fraction obtained 
when a-fcnchyl alcohol is dehydrated with 
potassium bisulphntc or by the distillation 
of isofenchyl xnnthatc. As obtained from 
the /-xnnthatc it has B.P. 139®-140°, t/J° 
0-8381, mJ? 1-4404, [a] D — 68-70° (in alcohol). 
It forms n nitrosochloride of M.P. 142°. 

Cyclofcnchene (0-Pinolene). 



This compound is present in the lowest- 
boiling fraction of the mixture of fcnchenes 
produced by any of the general methods 
already described. It is also present in the 
hydrocarbon mixture obtained by the treat¬ 
ment with alkali of the liquid hydrochlorides 
obtained by the action of hydrogen chloride 
on pinene. It is most simply prepared 
by treating d -fenchone hydrazone with 
mercuric oxide in presence of alkali. It 
can easily be obtained pure, ns it is very 
slowly attacked by potassium permanganate, 
which destroys the accompanying hydro¬ 
carbons. When prepared from /-fcnchyl 
alcohol and carefully purified it has li.P. 
143°-143-5°/748 mm., d"' 4 0 8024. nj 4 * 
1-45370, (aj - 1-77°. 

Fenchone, C,oH„0. 

CH, 





A dicvclic ketone of camphor-like smell, the 
d-form of which is an important constituent 
of fennel oil and of certain lavender oils ; 
the /-form is found in thuja oil. On re¬ 
duction it forms fcnchyl alcohol of the 
opposite optical rotation. It crystallizes 
easily and has M.P. 5°-6°, B.P. 192°-193°, 
d‘® 0-948, nj* 1-40355, (*]„ + 62-76°, - 64°. 
It' yields an oxime, the optically active 
forms of which melt at 164°-165°. 


Fenchyl alcohol, C 10 H„O. 


C«I, 


H t C- 


H- 


CM. 


H,C-C 


/ 

* 

\ 

CH, 

ciion 


CH, 


This secondary alcohol is produced by the 
reduction of fenchone with sodium and 
alcohol; d-fenchonc yields /-fcnchyl alcohol 
and vice versa, d- and /-Fcnchyl alcohols 
are each separable into two stereoisomers, 
designated as a- and 0-forms. /-a-Fenchyl 
alcohol has M.P. 47°, B.P. 94°/20 inm., 
d* 9 0-9641, — 15-04°. Its hydro¬ 

gen phthalatc melts at 140° and its p- 
nitrobenzoate at 108°-100°. /-0-Fenchyl 
alcohol has M.IJ. 3°-4°, B.P. 01°/18 mm., 
dj° 0-9005, [a], m - 27-07°. Its hydrogen 
phthalate melts at 153° and its p-nitroben- 
zoate at 82°-83°. d-a-Fcnchyl alcohol can 
also be obtained by the hydration of 
/•pinene with a mixture of acetic and sul¬ 
phuric acids. 

Fennel consists of the dried ripe fruits of 
Fceniculum vulgare grown in various parts 
of Europe. It contains a volatile oil—oil of 
fennel—to which it owes its aromatic and 
carminative properties. Powdered fennel 
is a constituent of compound liquorice 
powder, a mild aperient used for adminis¬ 
tration to children. 

Ferguson, Allan (1880- ). Bom at 

Entwistle, near Bolton, Ferguson was 
educated at the Harris Institute, Preston, 
and University College, Bangor. He was 
appointed lecturer in physics at the Man¬ 
chester College of Technology and later 
assistant professor of physics at Queen Mary 
College, London. His researches have been 
chiefly on capillarity. 

Fermentation. The term fermentation 
as generally used means the changes under¬ 
gone by substances when acted upon by 
micro-organisms. It was originally applied 
to the production of alcohol from sugar 
in the making of beer and wine. It has 
also been applied, with less justification, to 
many chemical changes brought about by 
enzymes so long as the substance referred 
to is not completely oxidized to carbon 
dioxide and water. Thus the production 
of lactic acid in muscle is often spoken of 
as a fermentation. Fermentation processes 
arc being increasingly used in industry. 
In addition to the old-established uses of 
yeast in bread making, the manufacture 
of wine and spirits, and brewing, it is now 
used in the production of industrial alcohol. 
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HFeO.. These are formed by 
fusion* of the metal with an alkali nitrate 
or chlorate (though too high a temperature 
^us s decomposition), or when a suspension 
of ferric hydroxide in caustic alkali is 
oxidised with chlorine or ozone. Potassium 
ferrate. K t FeO„ forms almost black crystals 
isomorpbous with the sulphate, and soluble 
in water to a deep red solution which slowly 
dccomjioscs. Barium ferrate. Ba*cO«. H t O. 
is an insoluble purple precipitate. Some 
writers call these compounds perferrates. 

Ferric compounds. Sec Iron compounds. 

Ferricyanides ore suits of hydrofcrncyan.c 
sckl, H,[Fc(CN).]. which may be isolated 
as reddish needles by an appropriate double 
decomposition, e.g. of the silver salt with 
hydrochloric acid. Potassium femcyan.de 
K.rFe(CN),1, is known as ‘ red prussiate or 
potash/’ It is formed by the action of 
excess of potassium cyanide on a feme 
salt but is usually obtained by oxidizing 
the fcrrocyanidc with chlorine. It forms 
dark red crystals which give a yellow solu¬ 
tion in water. It is used in the laboratory 
os a test for ferrous iron, and hence as an 
external indicator in titrating ferrous iron 
with dichromatc. The deep-blue substance 
formed with ferrous iron is Turnbulls 
Blue (q.v.). Heavy metal ferricyanides arc 
mostly insoluble precipitates. In alkaline 
solution ferricyanides have oxidizing pro¬ 
perties, and these are occasionally employed 
in quantitative analysis; an example is 
the titration of cerium in presence of excess 
of potassium carbonate, using potentio- 
metric indication of the end-point. 

Ferrifluorides. Sec Iron fluorides. 

Ferrisulphates. See Iron sulphates. 

Ferrite is the term applied to the poly¬ 
gonal crystal grains seen microscopically 
in samples of pure a-iron or to solid solu¬ 
tions of a-iron containing such elements 
as Cr, Ni, Si, Mn, etc. 

Ferrites arc compounds of ferric oxide 
with a basic oxide. They are insoluble 
substances of spinel type which are pre¬ 
pared in the dry way, and some of which 
occur in nature. The term is also some¬ 
times applied to salts which appear to con- 


Ferrocyanides 

by water, oxygen being evolved. These 
latter compounds are sometimes called 
ferrates, and sometimes perfemtes. 

Ferritin. A protein, which can be ob 
tained as the crystalline cadmium salt 

from spleen, liver, and other organs, and 

contains over 20% of feme iron- By 
appropriate treatment the iron can be 
removed and apoferritin, a P£ tc '" °* 
similar crystalline structure to Jerri tin is 
left. It is suggested that ferric hydroxide 
fills the interstices of the ferntin molecule 
and that ferritin acts in the body as an 
iron storage depot. 

Ferrocyanides are salts of the at:id 
HJFefCN)*]. hydroferrocyamc acid, w Inch s 
precipitated as a white powder on the addi- 
tion of hydrochloric acid to a concentrated 
solution of one of its salts. It is w'ublc in 
water and also in alcohol and has a Strong 
acid reaction. Potassium fcrrocyanidc, 
K.[Ke<CN).]»H t O, “yellow prussiate of 
potash," crystallizes in yellow plates. It 
is formed by the action of excess of 
potassium cyanide on a solution of a 
ferrous salt, and is obtained commercially 
as a bv-product in the purification of coal- 
gas. There arc a large number of processes, 
all of which involve the absorption of 
hvdrogen cyanide by some suitable iron 
compound : moistened ferric hydroxide, 
or ferrous sulphate solution urc examples, 
the latter also absorbing ammonia. I he 
iron cyanide derivative may then easily 
be converted to potassium fcrrocyanule, 
c.g. by treatment first with lime and sub¬ 
sequently with potassium carbonate. 1 he 
ferrocvanidcs arc stable salts, and the ferro- 
evanide ion is so little dissociated into its 
constituent ions that they give none of the 
reactions for iron and cyanide, and are 
even non-poisonous. Many of the heavy- 
metal salts arc characteristically coloured 
precipitates. Thus copper fcrrocyanidc is 
chocolate brown. It is used as a senn- 
pcmieablc membrane in work on osmotic 
pressure, being deposited for this purpose 
within the pores of a porous pot. Feme 
fcrrocyanidc is Prussian blue (q.v.). Ferrous 
potassium fcrrocyanidc, K,Fc[Fe(C.N),l, is a 
white precipitate formed from potassium 
ferrocyanide and a ferrous salt in the 
absence of air. It rapidly absorbs oxygen, 
yielding Prussian blue. An isomeric salt 
is formed bv heating potassium ferro¬ 
cyanide with dilute sulphuric acid and is 
known as Everitt’s Salt. On oxidation it 
yields Williamson's Violet. 
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Ferromanganese is a variety of pig iron 
containing 0 % to 7 % carbon and rich 
in manganese ; it is used for recarburization 
in steel manufacture. It is also known as 
** Spicgcleiscn.” 

Ferromolybdenum. An alloy of iron 
with molybdenum, containing 60 % to 
65 % of molybdenum, which is prepared 
by reducing molybdenite (MoS,) with iron 
and carbon in the electric furnace. It is 
commonly used as a means of introducing 
molybdenum into alloy steels and special 
cast irons. 

Ferronitroso-sulphides arc soluble, crys¬ 
talline complex salts. There arc two 
scries, M«Fc 4 (NO),S„ and MWefNOltS, 
where M 1 may be an alkali metal, 
ammonium, thallium, etc. The free acids 
are also known. Members of the first 
series arc obtained as black crystals from 
hot solutions containing alkali nitrite and 
sulphide and a ferrous salt, and when boiled 
with alkali they give a precipitate of ferric 
hydroxide and the filtrate deposits a salt 
of the second series. The reverse change is 
brought about by dilute acids. 

Ferroprussiates. Sec Fcrrocyanidcs. 

Ferrous nitroso-compounds. Ferrous suits 
in solution take up nitric oxide with a 
dark brown colour. On boiling the nitric 
oxide is driven off again. It appears that 
an addition compound is formed, the equili¬ 
brium of course depending on the con¬ 
centration. In a few cases the compounds 
have l»ecn isolated; c.g. FeHFO,. NO 
(brown, insoluble) and 2FcS0 4 , NO, 1311,0 
(dark brown unstable crystals). 

Of a quite different character arc the 
complex ferronitroso-sulphides ( q.v .). 

Ferrous salts. Sec Iron salts. 

Fertilizers. Although any substance 
which increases production when added 
to the soil could l>c called a fertilizer, in 
practice by fertilizers arc usually meant 
compounds containing nitrogen, phosphorus, 
or potassium. Ammonium sulphate is the 
most important nitrogenous fertilizer; 
sodium nitrate and ammonium nitrate are 
also extensively used. A mixture of 
ammonium nitrate and calcium carbonate 
is sold under the name of Nitro-Chalk. 
The most important fertilizers containing 
phosphorus arc the superphosphates, which 
arc mineral tricalcium phosphates rendered 
more soluble by treatment with sulphuric 
acid. A very common grade of super¬ 
phosphate contains about 13-7 % of phos¬ 
phoric acid; another grade contains 16 to 
17 % of phosphoric acid, and higher grades 
arc also sold. Many mixed fertilizers are 
now sold, containing various proportions of 
nitrogen, phosphorus, and potassium. 


Ferulic acid, C 18 H, 0 O 4 . 

CII: CII ■ COOII 
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Crystallizes in needles, M.P. 168"-169°. 
Soluble in alcohol and hot water. It occurs 
in asafeetida as an ester with umbcllifcronc. 

Fibrin. If blood is removed from the 
blood vessels it rapidly clots. This clotting 
is essentially due to the conversion of the 
soluble protein fibrinogen to the insoluble 
protein fibrin by the action of the enzyme 
thrombin. Fibrin can be obtained in the 
form of stringy masses by rapidly whipping 
freshly drawn blood. 

Fibrinogen. A protein, belonging to the 
globulin class, present in animals dissolved 
in the blood plasma. 

Fibroin. A protein belonging to the 
scleroprotcin class, present in silk fibres. 
It contains a high percentage of glycine 
and alanine units. 

Fillers. Materials compounded with certain 
natural and synthetic resins to give plastics. 
Wood-flour, wood-pulp, and cotton improve 
impact strength ; asbestos gives improved 
heat resistance, and powdered minerals im¬ 
prove crushing resistance. 

Filter aid. A material consisting of small 
particles, themselves incompressible, which 
is used to improve the filtering properties of 
a slurry. 

Filter-clarifier. Sec Hardingc sund flltcr- 
clorifier. 

Filter press. The simplest form is the 
recessed plate, or chamber, press. This 
filter consists of a number of plates the 
faces of which are recessed and corrugated ; 
filter cloth or paper is fitted over both 
surfaces of the plates, w hich arc then placed 
face to face and tightly clnmped. The feed 
enters under pressure through a channel 
running through the centre of the press, 
and passes into all the chambers formed by 
the recessed plates in parallel. The solid is 
retained by the filtering medium, and forms 
a cake, the filtrate is discharged through 
an outlet in the body of the plate. When 
the cake has completely filled the chambers 
the press is opened and the solid removed. 

Filter thickener. As the name implies, 
this machine combines the processes of 
thickening and filtration. It consists of an 
ordinary tank thickener in which arc sus¬ 
pended filter elements of a suitable type, 
usually fabric bags stretched on frames. 
Clear effluent is withdrawn through the 
filter surfaces under vacuum, the cake 
forming on the outside is removed by 
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scraping, blowing with compressed air, or 
passage*of water, and drops to the bottom 
of the tank, "here it is raked to tte 
with the thickened sludge. Machines of 
this type arc the Center, Oliver-Bordon. 
and Swectland filter thickeners. 

Findlay, Alexander (1874- )• Born at 

Ben holm, Scotland, Findlay graduated in 
Arts and Science at Aberdeen University 
before proceeding to Leipzig to study 
chemistry under Ostwald. He held lecture- 
ships at St. Andrews (1900) and Birmingham 
(1002) prior to his appointment to the Chair 
of Chemistry in the University College of 
Wales In 1910 he was elected professor of 
chemistry at Aberdeen University. Author 
of many original papers and books, Ins 1 hase 
Rule” is the standard work upon the subject. 
He retired in 1940. 

Fine structure. Sec Multiplet. 

Fink, Colin Garfield (1881- ). Fink 

was born at Hoboken, New Jersey, and 
educated ut the Universities of Columbia 
and Leipzig. From 1907 to 1017 he was 
a research engineer of the General Electric 
Co. Ltd., and from 1917 to 1921 director 
of research of the Chile Exploration Co. 
In 1022 lie became head of the department 
of electrochemistry and professor of chemical 
engineering at Columbia University. Re¬ 
sponsible for numerous developments in 
applied electrochemistry, Fink was awarded 
the Perkin Medal in 1034. 

Fire-point. That temperature at which 
a substance, when ignited, first burns 
freely when the ignition agent is withdrawn. 

Fischer, Emil (1852-1919). Fischer was 
born at Euskirchen in the Rhineland, and 
studied chemistry under Kckul* at Bonn 
and Baeycr at Strasburg. He held nu¬ 
merous teaching appointments, including 
the chairs of chemistry at Erlangen (1882), 
Wiirzburg (1885), and Berlin (1892). He 
was Nobel Prizeman in 1902. One of the 
foremost organic chemists of the nineteenth 
century, among the subjects of his research 
were the sugars, the purine group, synthetic 
peptides, veronal, and hydrazine. Sec 
Mem. Lect., J. Chem. Soc., 1920, p. 1157. 

Fischer, Hans (1881- ). Bom at 

HOchst a.M., Fischer studied at Lausanne, 
Marburg, and Munich, where he became 
a Privat-dozent in 1912. In 1915 he was 
appointed extraordinary professor, and 
in the following year went to Innsbruck 
as professor of applied medical chemistry. 
In 1918 he went to Vienna in a similar 
capacity. In 1921 he succeeded Wieland 
as professor of organic chemist ry and 
Director of the Institute of Organic Chem¬ 
istry at the Technische Hochschule, Munich. 
He has worked intensively on hamin, the 


porphyrins, chlorophyll, bilirubin and the 

pyrroles, and in 1030 gamed the Nobel 
Prize in Chemistry. 

Fischer, Otto Philip (1852-1932). Born at 
Euskirchen, near Cologne, Fischer studied 
for a time under KekuK (Bonn) before pro- 
cccding to Strasburg, where lie began his 
researches on the synthesis of hydro¬ 
carbons under Bacyer. After a period of 
work with Liebermann he rejoined Bacyer, 
then at Munich. Here the Fischer cousins 
worked on the preparation of the hydra- 
zincs. In 1885 Fischer was appointed to 
the chair of chemistry at Erlangen, a post 
which he held until he retired in 1925. 
Fischer investigated the constitution of a 
number of dyes, prepared the first synthetic 
alkaloid, kairine. and later studied the 
photosensitizing dyestuffs of the cyanine 
group. 

Fischer-Hepp rearrangement. The nitros- 
amincs of aromatic secondary amines 
when treated with hydrochloric acid give 
nuclear substituted nitrosoamincs. Among 
the benzene derivatives, if the para position 
is free the —NO group displaces the hydro¬ 
gen atom there ; in naphthalene derivatives 
it enters the a position 

C,H*N(CH,)NO-► p-NO . C.H.NHCH, 

/3C l0 H,N(CH,)NO-*■ a£C„H,(NO)NHCHj. 

Fischer-Speier esterification method. This 
uses the catalytic action of a strong mineral 
acid to effect ester formation between on 
alcohol and an organic acid. The acids 
generally used are hydrochloric and sul¬ 
phuric ; with the former, either the gaseous 
acid or an alcoholic solution is brought into 
the reaction mixture so that some 3 % of 
IIC1 is present; with the latter 5-10 % con¬ 
centrated acid by weight is added. The 
mixture is then refluxed until ester forma¬ 
tion is complete. 

Fittig, Rudolf (1835-1910), professor in 
Tubingen, and afterwards at Strasburg, 
discovered diphenyl and synthesized a 
number of aromatic hydrocarbons ; he 
discovered phenanthrene in 1872, and 
coumarone in 1883. 

Fixed carbon in coal. This is a figure 
reported in the proximate analysis of coal 
and is obtained by subtracting from 100 
the combined percentages of moisture, 
volatile matter, and ash. 

Flash-point. The temperature, under 
standardized conditions, at which a liquid 
begins to evolve inflammable vapours. In 
the testing of petroleum products two 
flash-points are taken, the open and closed. 
In the former the test flame is applied to 
a sample of oil, the surface of which is 
open to the atmosphere, in the latter it is 
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applied in a confined spucc over the surface 
of the oil. 

All the instruments designed for the 
determination of flash-points consist essen¬ 
tially of a cup to contain the sample fitted 
with an appropriate heating device, and a 
means of applying a small test flame to 
the vapours immediately above the liquid. 
The most common types are the Pcnsky- 
Martens, Abel-Pensky, and Cleveland instru¬ 
ments. 

Flavanthrene (Flavanthrone). 


CO 



A yellow vat dyestuff, manufactured by 
treating 2 -amino-nnthrnquinone, in nitro¬ 
benzene solution, with antimony penta- 
chloride. Is also produced by fusing 2- 
amino-anthraquinone with caustic potash. 
It dyes cotton from nn alkaline hydro- 
sulphite vat to a blue shade which rapidly 
changes to a brilliant yellow on exposure 
to air. The dyeings gradually turn brown 
on exposure to light, but arc otherwise 
very fast. 

Flavine. Sec Acriflavine. 

Flavone, C u H l9 O t . 


O 



Crystallizes in colourless needles, M.P. 97°. 
Insoluble in water, soluble in organic 
solvents. Flavone occurs naturally as dust 
on the flowers and leaves of primulas. It 
has been prepared from o-hydroxyaceto- 
phenone and benzaldehyde. 

Flavones. A group of yellow pigments 
chemically related to flavone ; they occur 
widely in the plant kingdom. The flavones 
are found uncombined, as glycosides, and 
in association with tannins. They are 
mostly crystalline solids, soluble in water 
and organic solvents. 

Flavone glycosides are widely distributed 
in plants. The sugar residue is either 
glucose or rhamnosc, occasionally a biose 
sugar. Further isomerization is possible 
according to which hydroxyl is concerned 


in the attachment of the sugar. They are, 
in general, colourless. They include apiin, 
acaciin, diosmin, lotusin, orobosin. 

Flavonol glycosides contain derivatives of 
flavonol attached to sugar. They include 
fustin, galangin, ksempferitrin, robinin, 
datisein, qucrcitrin, quercetin, incarnatrin, 
quercimeritrin, serotin, etc. They arc very 
widely distributed in plants. 

Flocculation. The terms flocculation, 
coagulation, and precipitation arc usually 
used indiscriminately to describe the de¬ 
struction of a colloidal sol. Sometimes 
coagulation is intended to indicate the 
aggregation part of the process and floccula¬ 
tion the resulting sedimentation in accord¬ 
ance with Stokes’s law. Sec Colloid, 
Coagulation. 

Flotation. A method of separation origin¬ 
ally evolved for the concentration of sulphide 
ores in aqueous suspension. The principle 
involves the formation of a moderately 
stable foam by addition of a small quantity 
of a suitable reagent followed by aeration. 
The particles of sulphide collect in the 
liquid-air interfaces of the bubbles, the foam 
may then be removed from the top of the 
cell, allowed to break down, and the ore 
concentrate recovered. 

Flotation cells. In many cases it is 
possible to produce a froth which will take 
up the required constituents of a mineral 
pulp by mechanical agitation. In plant 
oiterating on this principle the pulp is 
beaten into a foam by a high-speed impeller 
and passes to a separate part of the cell 
where the froth rises to the surface and is 
removed by a scraper. The residual pulp 
normally passes to other cells in scries for 
further treatment to complete the separa¬ 
tion. Sec Callow and Elmore flotation cells. 

Fluomanganites. Sec Manganese fluo¬ 
rides, complex. 

Fluoranthene ring system. The system 
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Fluorescein 

„ form, colourless shining Hakes usuaUy 
- violet fluorescence, M.P. Ho . 
£?> 294*295". It is insoluble in water. 

methylene X ' 

®ud 20 U 8 c^ be'prepared synthetically by 
reduction of diphenylene ketone. 

Fluorene can be nitrated, sulphonated, 

an ^ 0 h "cwH„O.. It exists in two 
forms: 
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The yellow amorphous form becomes 
crystalline on heating. The quinonoid 
form crystallize* in red crystals with green 
iridescence. Both forms have M.P. 314- 
310° (with decomposition), are sparingly 
soluble in water and alcohol and more 
soluble in acetone. It is made by heating 
phthalic anhydride with resorcinol. In 
alkaline solution it exists as the quinonoid 
form and shows intense green fluorescence. 
It is a dyestuff and is used for colouring 
liquids in various instruments. 

The sodium salt, C,«H, 0 O,Na t , 

- O o 



is used in ophthalmic practice to render 
visible any damaged portions of the cornea. 

Fluorescence. Many substances absorb 
light of a certain wave-length, and the 
energy thus absorbed is partly emitted as 


light of a greater wave-length. The process 
is known as fluorescence. It 
the absorption of the original light causes 
an electron to be raised to a higher energy 
level in a molecule of the absorbing sub¬ 
stance. The electron returns to its original 
level in stages, each corresponding with an 
intermediate orbit. 

Fluorine, F. At. no 9, At. » • '» 00 ‘ 
Fluorine was first isolated in 18 ®® by 
Moissan by the electrolysis of " Wrongly 
cooled solution of potassium hydrogen 
fluoride in anhydrous hydrogen fluoride, 
using a U-tubc and electrodes of a platinum- 
iridium alloy. The electrolysis may be 
carried out more readily with molten Kill „ 
and using graphite electrodes and apparatus 
made of graphite, copper^ silver, mag¬ 
nesium, or Monel metal. The clement U 
a pale greenish-yellow gas (B.P. - 187 , 

M P - 233°). The density at the boiling- 
point is 1108. The density of the gas 
corresponds to the molecular formula 
The gas has little action on dry glass below 
100 °. 

The chemical reactivity of fluorine is 
very great. It has strong oxidizing pro¬ 
perties in the moist state, due probably 
to the reaction: F, + H,0 — 2111* + O. 

It will react explosively with hydrogen, 
and attacks most metals and non-metals at 
room temperature or on heating. Many 
substances will bum in the gas. 

Fluorine is produced commercially by the 
electrolysis of fused potassium hydrogen 
fluoride, and is used in the manufacture of 
fluocarbons and other orgunic fluorine com¬ 
pounds. Much information on the manu¬ 
facture of fluorine and its compounds is 
given in Ind. Eng. Chem., 1947. 39, 235-439. 

Fluorine monoxide, F t O. Obtained by 
passing fluorine (1 litre N.T.P. per hour) 
through 2 % caustic soda solution in a 
platinum apparatus. About 70 % of the 
fluorine is converted into the monoxide. 
The gas may be purified by fractional 
distillation in vacuum. It is a colourless, 
strongly smelling, stable gas, M.P. 

— 223-8°, B.P. — 148-5°. Fluorine mon¬ 
oxide is very reactive chemically, forming 
fluoride and oxygen with alkalis and 
liberating chlorine or iodine from potassium 
chloride or iodide. It is only slightly 
soluble in water, and the resulting solution 
has none of the acidic properties which 
would be expected if hypofluorous acid 
were formed. In this respect the oxide 
differs from chlorine monoxide, C1 2 0, which 
gives hypochlorous acid with water. 

A second oxide of fluorine of the formula 
F t O, is obtained by passing a mixture of 
fluorine and oxygen through an electrical 
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discharge at — 180°. This oxide is stable 
only below — 100°. At higher tempera¬ 
tures it decomposes into fluorine and 
oxygen. 

Fluoroacetates. The name is loosely 
applied to derivatives of fluoroacetic acid, 
CHjFCOOH. The acid itself, its methyl 
ester, and all derivatives broken down in the 
body to the acid, arc highly toxic substances, 
behaving ns convulsant poisons with a 
delayed action. They arc almost odourless, 
are difficult to detect chemically, arc very 
stable, and, unlike the fluorophosphonntes 
(q.v.) do not inhibit any known enzyme 
system. See Nature, 1040, 158, 382 and 
1047, 160, 170. 

Sodium fluoroacctate, which is not volatile 
and not irritating to the skin, is used as a 
rodenticidc under the designation “ 1080 .*’ 
It is made from ethyl ehloroaeetatc and 
potassium fluoride, which react to give ethyl 
fluoroacctate, which is then hydrolysed 
with sodium hydroxide in methyl alcohol. 

Fluorocarbons. A class of organic com¬ 
pounds of the general formula C f F,, the 
chemistry of which has been greatly devel¬ 
oped since 1940. They have nearly the 
same freezing and boiling-points ns hydro¬ 
carbons of the same structure and number 
of enrbon atoms, but they are much heavier 
and have relatively high fluidities and low- 
surface tensions. The C-F bond is very 
stable and long-chain molecules arc easily 
formed. They arc very unrcactivc and have 
great thermal stability. Fluorocarbons can 
be made by the direct catalytic fluorination 
of hydrocarbons or by the reaction between 
cobalt trifluoride and vaporized hydrocarbons 
at high temperatures. They have many 
possible uses where compounds with their 
physical properties and chemical stability 
arc required. Hcxadccafluoroheptnnc (per- 
fluoroheptane), C 7 H U , has been used in a 
process for the separation of uranium iso¬ 
topes by gaseous diffusion. Much infor¬ 
mation about the fluorocarbons will be 
found in Ind. Eng. Chem. 1947, 39, 236- 
434. 

Fluorophosphonates. A group of sub¬ 
stances with the general formula R t PO,F. 
The alkyl fluorophosphonates (R is an 
alkyl group) arc most easily prepared by the 
action of phosphorus trichloride on an alcohol 
and subsequent chlorination and treatment 
with sodium fluoride, and arc very toxic, 
causing a typical constriction of the pupil of 
the eye and rapid death. The most toxic 
compound, diisopropyl fluorophosphonate, 
kills rats after 10 min. exposure at a con¬ 
centration of 0.36 gm./cu. meter. They 
have an inhibiting action on cholinesterase 
(q.v.). See Nature, 1946, 157, 287. 


Flux 

Fluorspar, Fluorite. CaF,. Occurs in 
crystals of the cubic system, usually in 
cubes. The cubes arc sometimes truncated 
by faces of {310}. It is usually found as a 
vein mineral associated with metallic ores. 
Twinned crystals are common, and in these, 
where the corners of a cul>c project, the 
surrounding '* cube ” face is often a very 
low pyramid with faces such as {32 • 1 • 0). 
The crystals arc usually yellow, blue, green, 
or violet. Hardness 4, sp. gr. 3-18. In the 
crystal structure of fluorite, a unit cell of 
which is shown in the figure, each calcium 
ion is surrounded by eight fluorine, and 
each fluorine by four calcium ions. For 
CaF, the length of the side of the cubic 
unit cell a = 5-46 a. A number of dioxides 
and difluorides crystallize with this structure 
and also certain alloys, c.g. PbMg, and 
SnMg,. 



The structure of fluorite, CaF,. 


Fluorspar is the only commercial mineral 
source of fluorine and the fluorides. It is 
also used as a constituent of certain glasses 
and enamels. 

Fluotitanates. A series of salts derived 
from the acid H,TiF 4 . Typical members 
of the series are : ammonium fluotitanate, 
(NII 4 ),TiF„ a stable crystalline solid which 
may be crystallized from the solution 
obtained after the addition of ammonia to 
a solution of titanium dioxide in hydro¬ 
fluoric acid, and potassium fluotitanate, 
K,TiF„ which, on heating, produces 
titanium tetrafluoride, TiF 4 . 

Flux. The word has two meanings in 
metallurgical engineering practice. It may 
denote a substance added to another to 
assist the fusion of the latter. The addition 
of limestone in iron smelting is essentially 
the addition of a flux, but in this ease the 
flux also helps to form a desirable slag. 
Flux also denotes a substance used to 
enable two pieces of metal to be joined 
together without their becoming oxidized. 
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Foaming 

Foaming. Foaming is a characteristic of 
hydrophilic colloids even when in small 
concentrations, and there .s usually an 
accumulation of the colloid in the foam 
indicating a lowering of the surface tension 
of the water. Conversely, most materials 
capable of lowering surface tension con¬ 
siderably (e.g. soaps) lead to foammg. In 
some cases, however, materials which 
actually increase the surface tension produce 
foaming solutions and, in general, it can be 
said that if the addition of a substance to 
water produces a surface layer of composi¬ 
tion different from the rest, foaming will 
result. This will happen if the substance 
is positively or negatively adsorbed at the 
surface, i.e. if it lowers or raises the surface 

tension. , , „ 

Folic acid. The name was originally 
given to a substance present in spinach and 
other green leaves, which stimulated the 
growth of certain bacteria. It is now 
loosely used for several closely related 
compounds with vitamin activity. Ptcroyl- 
glutamic acid, which is found in liver and 
has been synthesized, is used in the treat¬ 
ment of sprue and certain other types of 
anaemia, and needed for the growth of some 
bacteria. It has the structure— 


and collecting the formaldehyde in water. 
The solution so obtained contains some 
methyl alcohol and mcthylal. It reacts wit! 
water to give stable hydrates called poly- 
methylene glycols, of the type (CH.O) n , «£• 
In dilute solutions most of the formalde¬ 
hyde is present as methylene glycol, 
CH^OII), or CH.O, H a O. In more con¬ 
centrated solutions, trimethylcne glycol 
(CII.O)., H,0 is also present. When for¬ 
malin is allowed to stand, flocculent masses 
of paraformaldehyde are precipitated. Used 
in the manufacture of synthetic resins, casein 
plastics, pentaerythritol, auraminc and acn- 
dinc dyes, and in many chemical processes. 
Also used for the tanning of leather and 
preservation of skins; as an antiseptic und 
disinfectant, and for the partial sterilization 
of soils for intensive cultivation. The hydro¬ 
sulphite and sulphoxylate are used as reduc¬ 
ing agents in calico printing. 

It is a powerful germicide, whether in 
solution or vapour, and it hardens tissues. 
Rooms may be disinfected by spraying the 
solution or vaporizing paraformaldehyde. 
Dilute solutions arc used as a spray or 
paint in diphtheria and for sterilizing 
surgical instruments. Weak solutions are 



Nil—CH,— 



Nil, 


It contains a pterin group, a molecule of 
w-aminobcnzoic acid, and one glutamic 
acid residue. Related compounds from 
other sources and needed by different 
bacteria contain three, seven, and no 
glutamic acid residues. Ptcroylglutamic acid 
is a bright yellow crystalline substance, 
insoluble in cold water and organic solvents, 
slightly soluble in hot water. See An. Rep. 
Chem. Soc., 1940, 43. 257, 296. 

Folliculin. See (Estrone. 

Forced-draught cooling tower. In this 
type of cooling device a vertical draught is 
produced by mechanical means, and assists 
the evaporation of the water flowing down 
the tower over suitable distributing sur¬ 
faces. 

Formaldehyde, HCIIO, is a colourless gas 
with a characteristic and pungent odour. 
Soluble in water to 52 % : the commercial 
solution—formalin—contains about 40 % 
formaldehyde. First prepared by Hofmann 
in 1867 by passing air and methyl alcohol 
vapour over a hot platinum wire. It is 
manufactured by passing methyl alcohol 
vapour and air over a heated copper catalyst 


also used ns applications in certain skin 
diseases. 

Formamide, HCONII,. is a colourless, 
rather viscous, odourless liquid ; it absorbs 
water vapour, D” 1184, M.P. 2-5°, B.P. 
210 ° (decomp.). Miscible with water and 
alcohol; slightly soluble in chloroform 
and benzene. Manufactured by direct 
union of carbon monoxide and ammonia 
under pressure, or by distillation of am¬ 
monium formate. It is converted to 
formic acid or a formate by concentrated 
acids or alkalis. Forms compounds with 
metals and with acids. It is a good solvent 
for many organic and inorganic compounds. 

Formamol is a combination of hexamine, 
CH•COOH 

CH, l<°> 

\ i \C(K 

CH COOH • (CH 2 ) 6 N 4 
(CH,)*N 4 , with anhydromethylene-citric 
acid, C 7 II 6 0 6 ; it is used as an antiseptic 
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for infections of the urinary tract. It is 
decomposed by acids with liberation of 
formaldehyde, and it is assumed that this 
is the active agent in an acid urine. With 
this treatment it is essential that the intake 
of fluid should be copious. 

Formates. Esters and salts of formic acid. 

Formic acid, II • COOII, is a colourless 
liquid which fumes slightly and has a 
penetrating odour, D*° 1-220, M.P. 8-4°, 
B.P. 100-5°. Miscible with water and 
alcohol; moderately soluble in benzene. 
It was discovered in 1070 by Rey, who 
distilled red ants with water. Occurs in 
sweat and urine, and is said to be present 
in stinging nettles. Prepared by heating 
oxalic acid with glycerol, when formic acid 
distils off. Manufactured by decomposing 
formates, which arc obtained when carbon 
monoxide is passed over heated sodium 
hydroxide or soda-lime. It has been used 
ns a food preservative, and as a reducing 
agent in dyeing; it is a good solvent for 
many organic and inorganic compounds. 

Formin. Sec Hexamethylenetetramine. 

Formol titration. A method for esti¬ 
mating CArboxyl groups in amino-acids and 
free carboxyl groups in proteins, devised by 
SOrcnsen. Formaldehyde reacts with the 
amino-groups of amino-acids to give neutral 
methylene derivatives, thus : 

,NH, /N : CII, 

R< + IICHO - R< -f 11,0 

\<X)OH x COOH 

So in the presence of formaldehyde the 
carboxyl groups can be estimated by titra¬ 
tion with alkali, whereas without formalde¬ 
hyde the carboxyl groups arc neutralized by 
the amino-groups. A free amino-group be¬ 
longing to the guanidine nucleus, as in 
arginine, does not combine with formalde¬ 
hyde. 

Formose. The name given to a mixture 
of sugars obtained by the action of lime 
or other alkali on formaldehyde or com¬ 
pounds related to it. The mixture, which 
is obtained as a syrup, contains pentoses, 
hexoses, aldoses, and ketoses. The most 
easily isolated product is called a-acrose, 
which has been shown to be identical with 
(//-fructose. 

Formoxy. The name given to the group 
O • CHO—. 

Formyl. The name given to the group 
OCH—. 

Forster, Sir Martin Onslow (1872-1945). 
Born in London, Forster studied at Wurz¬ 
burg and in his native city. From 1895 to 
1913 he was at the Royal College of Science, 
at first as a demonstrator, then as assistant 
professor of chemistry. In 1915 he became 


a Director of British Dyes Ltd., and in 
1918 was appointed first Director of the 
Salters’ Institute of Industrial Chemistry, 
which lie left in 1922 to become Director of 
the Indian Institute of Science, Bangalore. 

He retired from this post in 1933. Forster 
was elected a Fellow of the Royal Society 
in 1905 and in 1915 received the I.ongstaff 
Medal of the Chemical Society. Sec J. Chem. 
Soc., 1940, 550. 

Forsterite, magnesium orthosilicate, 
2 MgO • SiO„ M.P. 1800°, is the most im¬ 
portant of the olivine minerals, but is often 
made artificially by heating magnesium 
carbonate and silica. Crystals urc rhombic, 
ap. gr. 3 3-3 35, hardness, 6-7. At 1557° 
and above, forsteritc decomposes into 
clinoenstatite and cristobalitc. It is used 
as a refractory material for firebricks, lining 
furnaces, etc. Forsteritc bricks are more 
resistant to slags than silica bricks and 
the thermal expansion is less than that of 
silica bricks. 

Fourcroy, Antoine Frangois, was bom 
in Paris in 1755, was first a dramatist, 
then a doctor, then in 1784 succeeded 
Macquer as professor of chemistry at the 
Jardin du Roi. He wrote two books which 
were once important, " Syst^mc dcs Conn- 
aissances Chimiqucs ” and “ Philosophic 
Chimique." He died in 1808. 

Fractional crystallization. The process of 
crystallization of part of the material from 
a solution containing a mixture of two or 
more substances. The first material to 
crystallize from such a solution will be 
enriched in the least soluble component of 
the dissolved mixture. Such a process, 
if carried out repeatedly and systematically, 
may result in the separation of the various 
components. 

Fractional distillation. The process of 
distilling a mixture of liquids so as to collect 
the distillate os a scries of “ fractions ” 
of different volatility. The simplest pro¬ 
cedure is to raise gradually the distillation 
temperature (recorded in the neck of the 
distillation flask), and to collect separately 
liquid distilling in each of a series of tem¬ 
perature ranges. The efficiency of separa¬ 
tion of the components of a mixture is 
increased by the use of some forms of 
fractionating column (q.v.). Similar con¬ 
siderations apply to the separation of the 
components of a mixture of liquefied gases 
(e.g. liquid air). 

Fractionating column. A device for 
increasing the efficiency of separation of 
the components of a liquid mixture during 
distillation. The essential feature of a 
fractionating column is that partial con¬ 
densation of the vapour should occur. 
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This results in an enrichment of the lew 
volatile 8 components of the mixture m the 
condensate in the column, and in an en¬ 
richment of the more volatile components 
in the vapour leaving the column. On a 
laboratory^scale a fractionating column 
may coJst of a gloss tube filled withbeads, 
or of a series of pear-shaped bulbs. On 
a technical scale it consists of a senes of 
5 plates," on each of which provision is 
made for equilibrium to be set up between 
the condensed liquid and the vapour mixture 
which is passing through the column. 

Francium. The name given to the ele¬ 
ment of atomic number 87, which is one 
of the products of the radioactive decay of 
neptunium-237. The name virginium was 
previously proposed for this clement, but 
the evidence for its natural existence is very 
doubtful. 

Franck-Condon principle. According to 
this principle, the time occupied by an 
electronic transition in a molecule is very 
brief compared with the period of vibration 
of the constituent atomic nuclei. The 
principle is of great importance in discussing 
the energy changes occurring in molecules. 

Frangulin. C tl H u O„ the glycos.de present 
in the bark of Rhamnus frangula, is hjdro- 
lysed to rhamnose and emodin which is 
1 : 0 : 8 - trihydroxy - 2 - mcthylanthra- 
quinonc. The emodins arc of medicinal 
importance, being eonili*ucn«a of rhubarb 
root. It forms needles, M.P. 228. A 
glucofrangulin containing an additional 
molecule of glucose is known, C ST ll„U,«. 
M P. 215°. Other rhubarb glycosides arc 
chrysophuncin, and rheochrys.n, 

CmHhOii. both derivatives of glucose. 

Frankland, Sir Edward (1825-1809). Bom 
at Churchtown in Lancashire, Frankland 
served as a druggist’s apprentice in Lan¬ 
caster before proceeding to London to enter 
the laboratory of Dr. Lyon Playfair. He 
later studied under Liebig and Bunsen. In 
1851 he was appointed professor of 
chemistry at Owens College, Manchester. 
In 1868 he succeeded Faraday at the Royal 
Institution and, in 1865, became professor 
at the Royal College of Chemistry and 
Royal School of Mines in London. He was 
elected F.R.S. in 1853, and created K.C.B. 
in 1897. His early work was upon the 
theory of valency and the organo-metallic 
compounds of zinc, but later he investigated 
the problems of water supply and purifica¬ 
tion. Sec Mem. Lcct., J. Chem. Soc., 1901, 
p. 198. 

Frankland, Percy Faraday (1858-1946). 
Bom in London, P. F. Frankland studied 
at the Royal School of Mines and at Wurz¬ 
burg University. He was professor of 


chemistry in University College, Du«» d <*‘ 
from 1888 to 1894, and in the Mmo"^ olleg i 
Birmingham, from 1894 to 1900, then being 
appointed professor of chemistry in the Un, 
versity of Birmingham. He became Dean 
of the Faculty of Science in 1913 and re¬ 
tired as professor-emeritus in 1919. He was 
President of the Chemical Society in 10U-13 
and in 1919 received the Davy Medal of the 
Royal Society. His chief researches dealt 
with fermentation and with the bacteriology 
of air. water, and sewage. 

Franklin, Edward Curtis (1862-1937). 
Born at Geary City, Kansas. Franklin was 
educated at the University of Kansas, the 
Johns Hopkins University, and the Univer¬ 
sity of Berlin. He was appointed professor 
of chemistry at Kansas University in 1899, 
and at Stanford University, California, in 
1906. He is noted for his brilliant re¬ 
searches upon problems associated with 
ammonia. Sec Chcin. Soc. Mem. Lcct., 
1938. 

Free radicals. Free radicals arc com¬ 
plexes of abnormal valency, which possess 
additive properties, but do not carry an 
electrical charge, and arc not free ions. 
They fall naturally into two groups. 1 hose 
of relatively long life like triphcnylmcthyl 
which exist in equilibrium with their 
dimeric forms in solution; and those of 
relatively short life like methyl, which 
demund special technique for their study. 
By the action of silver on triphcnylmcthyl 
bromide Gomberg obtained a product of 
empirical formula (C,H*),C. which behaved 
as a highly unsaturated molecule, and in 
solution proved to be an equilibrium 
mixture of (C,H»),C and (C,H 4 ),C- C(C.II *),. 
Numerous oryl-substitutcd ethanes have 
subsequently been prepared, and the degree 
of their dissociation is found to depend on 
(a) the nature of the solvent, ( b) the con¬ 
centration and temperature of the solution, 
and (c) the size and nature of the substituent 
groups. 

The free radicals which have only a 
transient existence, like — CH,. — C,H S , or 

_OH, and arc therefore usually met with 

only as intermediates in chemical reactions, 
can be prepared and studied directly only 
at low pressures of the order of 1 mm., 
when they may be transported from the 
place of preparation in a rapidly streaming 
inert gas without suffering too many 
collisions with other molecules. 

Freezing mixture. A mixture used for 
small-scale refrigeration. Such a mixture 
may be prepared by adding a soluble salt 
to a mixture of ice and water. The result 
is that the temperature of the mixture 
falls until it approximates to that of 
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the cryohydric-point for the particular 
mixture. 

Freezing-point, depression of. The lower¬ 
ing of freezing-point of a solvent produced 
by the presence of a dissolved substance. 
This lowering is proportional to the weight 
of dissolved substance for small concentra¬ 
tions of the latter. Molecular proportions 
of different substances usually produce the 
same lowering. The depression produced 
by dissolving 1 gm. molecule of solute in 


100 gm. of solvent is 

called the molecular 

depression constunt. 

Typical values of this 

constant are tabulated below : 


Molecular Depression 

Solvent. 

Constant. 

Water 

185° 

Benzene 

51-2* 

Phenol 

53° 

Acetic acid 

30° 

Camphor 

400° 


Fremy, Edmond (181-1-180-1). Horn at 
Versailles, Fremy studied chemistry under 
Gay-Lussac. In 1840 he was appointed 
professor of chemistry at the fccolc Poly- 
technique, and in 1850 became professor of 
chemistry and director of the Museum 
d'Histoirc Naturellc. His research work 
covered a wide field, including investiga¬ 
tions on the ferrates, stannates, plumbates, 
ozone, and the colouring matters of flowers. 
Fremy prepared anhydrous hydrogen fluo¬ 
ride, but failed to isolate fluorine. 

Freon is a trade-name for a group of 
halogcnutcd methanes and ethanes contain¬ 
ing fluorine and, in most cases, chlorine also. 
They can be made by treating a suitably 
chlorinated methane or ethane with hy¬ 
drogen fluoride in presence of an inorganic 
chloride such as antimony pcntachloride. 
They are easily liquefied gases and are used 
in refrigeration and air-conditioning; some 
have also been used as dispersing agents for 
insecticides by the aerosol bomb method. 
Individual members are distinguished by 
numbers; the more important Frcons in¬ 
clude the following : 

Freon 12 Dichlorodilluoromcthanc CC1,F,. 
Freon 21 Dichlorofluoromethane CHC1,F. 
Freon 142 1-Chloro-l, 1-Difluoroethanc 

CHjCCIFj. 

Fresnel, Augustin Jean (1788-1827). Bom 
at Broglie, Normandy, Fresnel was educated 
at Caen and at the £colc Polytcchniquc and 
the Ecole dcs Ponts et Chauss^es. He 
served for several years as an engineer. 
As a physicist his main researches were on 
problems associated with optics, but his 
name is linked with chemistry because he 
discovered the reaction between sodium 
chloride and ammonium bicarbonate, which 


forms the basis of the Solvay process for the 
manufacture of sodium carbonate. 

Freundlich, Herbert (1880-1041). A Ger¬ 
man chemist, Freundlich was appointed 
professor at Braunschwieg University (1011), 
Berlin University (1028), and Berlin Tech¬ 
nical High School (1080). He went to 
University College, London, in 1088 and 
to the University of Minnesota in 1088. 
He carried out many researches upon 
capillarity and surface chemistry. See 
J. Chem. Soc., 1042, 040. 

Freundlich isotherm. Freundlich proposed 
the following relationship between the 
amount of a substance adsorbed and the 
concentration of the solute :— 

m 

where x is the amount adsorbed, m the 
weight of adsorbent, c the concentration 
or pressure, and k and n constants. This 
equation is empirical, depending on no 
theoretical assumptions. The values of the 
constants k and n vary with the system; 
n is usually between 0-2 and 0 7. The 
Freundlich equation is successful with ad¬ 
sorption systems of very variable char¬ 
acteristics, such as adsorption from solution 
and adsorption of gases. It expresses the 
rapid increase of adsorption with con¬ 
centration at low concentrations, but is 
not so successful at higher concentrations. 
Numerous attempts have been inudc to 
derive adsorption isotherms from theoretical 
considerations, but in general these arc no 
more accurate, and arc certainly less versatile 
than the empirical Freundlich relationship. 

Friar’s balsam. See Benzoin. 

Friedel, Charles. He was born in 1832 
at Strasbourg and took a degree there in 
science in 1850. In the following year he 
went to Paris taking a degree there in phy¬ 
sical science in 1855. He was especially 
interested in mineralogy, but in 1854 
entered the laboratory of Wurtz and paid 
special attention for some years to the 
ketones and aldehydes. In 1870 became 
professor of mineralogy at the Sorbonne, 
and in 1884 succeeded Wurtz as professor 
of organic chemistry at the Sorbonne. He 
died in 1899 at Montauban. He is best 
known for his work in conjunction with 
Crafts on the Friedel-Crafts reaction. See 
Chcm. Soc. Memorial Lectures, 1893-1900. 

Friedel-Crafts reaction. This is the con¬ 
densation of an alkyl or acyl halide with 
benzene or a homologue in the presence of 
aluminium chloride ; thus methyl chloride 
and benzene in the presence of A1C1 3 and 
iron filings condense to form toluene ; acetyl 
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Chloride and benzene in the presence of 
AIC1. condense to form acetophenone, 
C H CO • CH,. The reaction is used in the 
synthesis of hydrocarbons, ketones, and 
aldehydes, and on a large scale in the 
manufacture of vat-dyes. 

o-Fructose. C.H lt O„ is a ketohexosc. 

H H OH 

CH.OH • C • C • C • CO • CH,OH 
OH OH H 

It exists also in both pyranose and furanose 
ring modiftcotions, and is much more prone 
than glucose to react in the furanose form 
in which it is present in sucrose. In solu¬ 
tion several isomcridcs are probably present 
as witnessed by the influence of tempera¬ 
ture in changing the rotatory power. 

Combined with glucose, it occurs as cane 
sugar, raffinose, etc.; mixed with glucose, 
it is present in fruit juices, honey, etc.; 
inulin and a number of fructosans yield 
fructose only. It is twice as sweet as 
glucose. It crystallizes in large needles, 
M.P. 05M00 0 , [a]” - 88°. The 0-pyra- 
nosc form has M.P. 133-8°, the a form M.P. 
21 °. 

It forms two scries of derivatives, and 


CH, CH, 

V 


composed of this substance, invariably 
contains an admixture of parafuchsin as 
well as the higher homologues. It contains 
four molecules of water of crystallization. 

Fuchsin is invariably prepared by oxidiz¬ 
ing a mixture of aniline with p-toluidine 
and o-toluidine (aniline oil for red). The 
oxidizing process is carried out with nitro¬ 
benzene. A large quantity of the fuchsin 
manufactured is transformed into rosaniline. 

L-Fucose is the methylpentose of seaweed 
where its polymer fucosan constitutes the 
cell walls. It forms microscopic needles 
M.P. 144°, [a) D — 75-5°, and has the con¬ 
figuration 

OH H H OH 
CH, • C • C • C • C • C1IO 
H OH OII H 

D-Fucose, M.P. 140°, (a]„ + 75-7°, lias been 
found only in two glycosides, convolvulin 
and turpethin ; it was at one time called 
rhodeose. 

Fucosterol, C„H„0. The character- 
istic sterol of seaweeds. It crystallizes in 
needles from methyl alcohol, M.P. 124°, sol¬ 
uble in most organic solvents, (aJJ? — 38-4° 
in chloroform. 


Fucox&nthin, C l0 H M O,. 



behaves in many ways similarly to glucose. 
Sec Armstrong's “ Carbohydrates.” 

Fuchsin (Magenta). Sec Triphenyl 



methane dyes. It may be defined as the 
higher homologue of parafuchsin (the proto¬ 
type of derivatives of triaminotriphenyl 
methane), in which one of the phenyl 
groups has been replaced by a tolyl group. 
The product of commerce, though chiefly 


The chief carotenoid pigment of the brown 
algar. It crystallizes in brownish-red 
prisms, M.P. 168°. Soluble in ether and 
methyl alcohol, insoluble in water. Optic¬ 
ally inactive. 

Fuel oil. Petroleum fractions used as 
fuel in oil-fired boilers. A light fuel may 
have an initial boiling-point of 200° with 
about 50 % residual matter at 350°, the 
corresponding figures for a heavy fuel being 
approximately 250° and 02 % respectively. 

Refining of such oils is not necessary 
and low-grade fractions may be incorpor¬ 
ated, the only requirements being a satis¬ 
factory calorific value and viscosity ; the 
latter can, however, be modified by pre¬ 
heating the feed. 

Fuller Lehigh mill. Sec Centrifugal 
grinders. 

Fuller’s earth. A term applied to several 
materials closely resembling clay, but 
almost devoid of plasticity. The chief 
crystalline constituents are montmorillonitc, 
anauxite, and beidellite, with quartz and 
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limestone ns accessories, but the bulk of 
the material appears to be amorphous and 
not identifiable. Fuller's earth of a high 
quality was formerly worked exclusively in 
the south of England, but in the last 
century large deposits were discovered 
in America, especially in Florida; the 
American earth is sometimes termed 
Floradin. 

Fuller’s earth is much used for the puri¬ 
fication of oils and fats by percolation 
methods; its application to edible oil 
purification is very important. 

Fulminic acid, Carbonyloxime, Carbylorime, 

C = N • Oil, is an unstable volatile com¬ 
pound with an odour resembling that of 
hydrogen • cyanide ; even in solution in 
ether at low temperatures it is stable only 
for a short while, and changes to a polymer, 
mctafulminuric acid. The mercury and 
silver salts are crystalline solids, and are 
manufactured by dissolving the metal in 
excess nitric acid and adding ethyl alcohol. 
These salts arc very sensitive to shock, and 
explode violently. They are used as 
detonators. 

Fumaric acid, C 4 H 4 0 4 , 

HOOCCH 

lli-COOH 

crvstallb.es in colourless needles or prisms. 
M.P. 300°-302° in scaled tubes; sublimes 
above 200° in open vessels. Sparingly 
soluble in water; soluble in alcohol. It 
occurs in the common fumitory, in Iceland 
moss, and other plants; formed from 
sugars by the mould Rhizopus nigricans. 
Prepared by the oxidation of furfural by 
sodium chlorate in presence of vanadium 
pentoxide, or, together with maleic anhy¬ 
dride, by heating malic acid. When heated 
to 230° it is converted to maleic anhy¬ 
dride ; heated in sealed vessels with water 
at 150°-170®, it forms d/-malic acid. 

Fumaryl. The name given to the group 

—OC CH 

hIj • CO— 

Functionality. A numerical value in 
synthetic resin chemistry which corresponds 
with the potential reactivity of a monomer 
under specific circumstances : based on the 
concept of Bradley and Kienle. Used in 
synthetic resin chemistry for the prediction 
of physical characteristics of the polymers 
made from the monomers with particular 
reference to their capacity for thermo- 
hardening. 

Furaldehyde. See Furfural. 


Furane, Furfurane, C 4 II 4 0, is a colourless 
liquid, D° 0 9644, B.P. 32°. In- 
soluble in water; miscible with 
alcohol and ether. Prepared by ^J H 
heating furoic acid at its boiling- ✓ 

point. Forms resins in presence q 
of mineral acids, but is unaffected 
by alkalis. Reduced by hydrogen to tetra- 
hydrofurune. Detected by the formation 
of an emerald green colour on a pine splinter 
moistened with hydrochloric acid. 

Furanose. The term was introduced by 


O 


/ 


/ 


c • c • c 


V/ 


Haworth to describe those forms of the 
sugars which contain a ring of 4 carbons 
and oxygen. They contain this skeleton 
formula, and in contradistinction to the 
pyranosc sugars (g.o.) arc characterized by 
their instability. They exist in a and 0 
forms, but the sugars themselves have not 
been obtained crystalline ; they have to be 
converted into cthylglycosidcs. 

Furazan ring. The ring 



numbered as shown. 

Furfural, Furfurol, Furluraldehyde, 2-Fur- 
aldehyde, C 4 II 4 O t , 


HC — CH 



is a colourless liquid with a peculiar odour; 
it darkens on exposure to light and air, 
D* # 1169, B.P. 161-7°. Soluble in 11 parts 
of water; miscible with alcohol and ether. 
Volatile in steam. It occurs in many essen¬ 
tial oils and in fusel oil. Manufactured by 
heating corncobs, oat hulls, or other pen¬ 
tosan-containing material with steam under 
pressure at 180° and fractionally distilling the 
liquor. Undergoes the Cannizzaro reaction 
with alkalis to give furoic acid and furfuryl 
alcohol. Reacts with ammonia to give fur- 
furamide. Oxidized by sodium chlorate in 
presence of vanadium pentoxide to give 
fumaric acid. Forms resins with phenol, 
aniline, and acetone. Used as a solvent for 
decolorizing rosin and in the solvent extrac¬ 
tion of mineral oils; for the manufacture 
of resins and furfuryl derivatives. 

Furluraldehyde. See Furfural. 
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Furturane. See Furone. 

Furfurol. See Furfural. 

Furfuryl-. The name given to the group 

CH—CH 

Ih i-CH,— 

V 

Furfuryl alcohol, 2-Furyl carbinol, C.H.O,. 

CH—CH 

Ah L ch.oh 

V 

is a colourless liquid, D“ 1128, B.P. 
170°-171°. Miscible with water, alcohol, 
and ether; exists also in a modification 
which is insoluble in water. Prepared 
bv the reduction of furfural or by the 
action of 30 % sodium hydroxide solution 
on furfural in the cold. Furoic acid is 
produced at the same time by this latter 
reaction. Forms resins with mineral acids ; 
it may be stabilized for storage by the 
addition of 0 5 % urea. Reduces solutions 
of permanganates in the cold. It is 
poisonous. 

Furiurylidene. The name given to the 
gfOUP CH-CH 

III (H-CII— 

V 

Furil, C 10 H,O 4 , 

H C-CH HC-CH 

H& LcO C oJ l H 

V v 

crystallizes in yellow needles, M.P. 105°- 
106°. Insoluble in water; soluble in 
benzene and hot alcohol. Prepared by 
adding furoin to a hot solution of copper 
sulphate in pyridine. The furil is precipi¬ 
tated by the addition of water. 

Furoic acid, a-Furoic acid, Pyromucic 
acid, C $ H 4 0„ 

CH—CH 


L L 

V 


COOH 


is a colourless crystalline substance, M.P. 
125°-132° (begins to sublime at 100°), 
B.P. 230°-232°. Soluble in hot water, 
alcohol, and ether. Prepared, together 
with furfuryl alcohol, by the action of 30 % 
sodium hydroxide solution on furfural in 
the cold. The furfuryl alcohol is removed 
by extraction with ether and the furoic 
acid crystallizes out when the solution is 


acidified. Forms soluble salts with sodium 
and potassium hydroxides. It is decom¬ 
posed at its boiling-point into furanc and 
carbon dioxide. 

Furoin, C 10 H,O 4 , 

HC-CH HC-CH 

H& CH • CO—C CH 

V Ah V 

crystallizes in colourless needles, M.P. 138°- 
139°. Insoluble in water and alcohol, 
soluble in toluene and hot methyl alcohol. 
Prepared by boiling a mixture of furfural, 
alcohol, and water with potassium cyanide : 
the furoin crystallizes on cooling the liquor. 

Furoyl. The name given to the groups 

(«) (P) 

CH—CII CH-C—CO- 

Jh —CO— and til t'H 


V 


V 


They are distinguished by the letters a- nnd 
0-. The former configuration is the more 
common. 

Furyl-. The name given to the groups 

(«) (P) 

CII—CH CII—C— 

III L- and t'H I'll 

V V 

The former configuration is the more 
common. 

Fus&in. A macroscopic constituent of 
coal which is dull, brittle, and like charcoal. 
It occurs largely as irregular wedges with a 
fibrous appearance. Under the microscope 
fusain shows a “ carbonized ” cellular 
structure in which there is little translucent 
material present. 

Fusel oil is a mixture of alcohols obtained 
as a high-boiling fraction during the dis¬ 
tillation of fermentation alcohol. It is 
formed in small amounts during fermenta¬ 
tion from the amino-acids of the proteins 
present, and its composition depends upon 
both the material fermented and the yeast 
used. The chief alcohols present are 
isoamyl, active (Iscvorotatory) amyl, isobutvl, 
isopropyl, and normal propyl alcohols. It 
also contains fatty acids such as capric, 
caprylic, caproic, butyric, and acetic acids, 
as well as their esters. Commercial fusel oil 
boils over the range 105°-137°, and can be 
fractionally distilled to separate the alcohols 
it contains. May be detected by the 
characteristic odour of the isoamvl alcohol 
present. Used as a source of amyl and 
isobutyl alcohols. 
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Gabriel's reaction. The conversion of a 
halogen compound into the corresponding 
amino compound by treatment with potas¬ 
sium phthnlimide and subsequent hydrolysis 
of the intermediate phthalimide compound. 
Thus chloroacetic acid and potassium 
phthalimide give phthalimidoacetic acid, 
which on hydrolysis gives glycine and 
phthalic acid. The method is of very 
general application and has the great 
advantage of giving a pure primary amine 
free from mixture with secondary and 
tertiary products. 

Gadoleic acid, C„H 37 COOH. A fatty 
acid, belonging to the oleic acid scries, 
occurring as glycerides in cod-liver oil, 
herring oil, and sperm oil, M.P. about 20°. 

Gadolinium, Gd. At. no. 04, At. wt. 156 0. 
An element of the rare earth group. 
For its occurrence sec Hare-earths. The 
metal has not been isolated. Its oxide, 
Gd|O a , which is prepared by igniting the 
oxalate, the nitrate, or the hydroxide, is 
a white powder which absorbs carbon 
dioxide from the air. The gelatinous white 
hydroxide, Gd(OH)„ which is precipitated 
by adding ammonia or sodium hydroxide 
solution to solutions of gadolinium salts, 
also absorbs carbon dioxide. Solutions of 
gadolinium salts derived from colourless 
acids are colourless, but show ultra-violet 
absorption at AA 3110-3105, 3060-3057, 
3050-3055, 3054-3050 a. Gadolinium chlo¬ 
ride, GdCI„ is a white hygroscopic crystal¬ 
line material, and is known both in the 
anhydrous form and as the hcxahydratc. 
The sulphate, Gd,(S0 4 )„ 8H t O, forms mono¬ 
clinic crystals. The nitrate, Gd(NO,)„ 0H,O, 
forms large triclinic crystals (M.P. 91°) 
when crystallized from aqueous solution. 
The pentahydratc separates if the crystal¬ 
lization is carried out from concentrated 
nitric acid. Gadolinium nitrate is the least 
soluble in nitric acid of all the rare-earth 
nitrates. Gadolinium forms on insoluble 
oxalate and phosphate. The clement is 
consistently trivalent. 

Galactolipid(e)s, Galactolipin(e)s. See 
Cercbrosides. 

d-G alactose, C,H lt O«, isomeric with glu¬ 
cose, is fairly widely distributed in plants. 
It is a constituent of raffinose and stachyosc, 
of hemicelluloscs, of pectin, of gums and 
mucilages, and of some glycosides. Chief 
interest attaches to it as forming one-half 
of milk-sugar. It is also the sugar of the 
brain, this being formerly known as cere- 
brosc. Under normal conditions the blood 
transports glucose to the mammary glands, 
where in the regular course of lactation it is 


converted into the disaccharidc milk-sugar. 
It is easily made by hydrolysis of milk- 
sugar. It has much the same properties as 
glucose, but differs in forming mucic acid 
on oxidation with nitric acid. The stereo¬ 
chemical formula is 

II 011 011 II 

CH.OH C • C • C • C • CIIO 
OH II II OH 


ohI^Joh 


It crystallizes when in pyranosc ring 
forms ; the alpha in hexagonal plates having 
M.P. 108° and [a] D -H 145°, and the beta 
-f 54°. The equilibrium mixture in solution 
has (<x) D + 80-5®. 

Galbanum is an olco-guin-rcsin obtained 
from the stem and root of Ferula %albunijlua, 
a plant indigenous to Persia. It is em¬ 
ployed, generally in the form of a compound 
pill with asafeetida, in the treatment of 
chronic bronchitis for its stimulant expec¬ 
torant properties. 

Galena, PbS. This common ore of lead 
crystallizes in the cubic system. Hurdness 
2\. It is bluish-grey or black with a 
metallic lustre. Galena crystallizes with 
the sodium chloride structure, a — 5-97 a. 

Gallic acid, 3:4:5-trihydroxybcnzoic 
acid, C t H t O,. Colourless COOH 
crystals with one molecule /\ 
of water, M.P. 253°, sparingly 
soluble in water and alcohol. 

It occurs free in woody tissue, 
in gall-nuts, and in tea, and is 
a constituent of the tannins, from which it 
can be obtained by fermentation or by acid 
hydrolysis. It gives a blue-black colour 
with ferric salts and is used in the manu¬ 
facture of inks. On heating it gives pyro- 
gallol. 

Gallic acid has a limited use as a dyestuffs 
intermediate and as a source of medicinals. 

Gallium, Go. At. no. 31, At. wt. 09 72. 
Gallium was discovered in 1875 by I.ecoq de 
Boisbaudran as a result of a spectroscopic 
examination of a zinc blende. It is an 
element which MendcKcff predicted and 
to which he gave the name eka-aluminium. 
It is widely distributed, although in very 
small amounts. It is usually present in 
zinc and aluminium minerals, but one of 
the richest sources is the mineral germanite 
(approx. 0*7 % Ga). The element is met¬ 
allic in appearance and crystallizes in the 
orthorhombic system. The unit cell con¬ 
taining 8 atoms has the dimensions: 
a = 4-5167, b = 4-5107, c = 7-0448 a., 
and the structure is complex. It has a 
remarkably low melting-point (29-75°), but 
its boiling-point is above 1000°. The 
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metal is unaffected by oxygen at room 
temperature, and becomes covered with a 
thin protective coating of oxide when more 
strongly heated. It reacts very readily 
with the halogens. Dilute hydrochloric 
acid attacks the metal in the cold. Dilute 
nitric acid attacks it on warming. Cold 
concentrated nitric acid has no action. 
The metal is dissolved slowly by alkali 
hydroxides with evolution of hydrogen. 
Gallium forms a number of alloys (e.g. with 
aluminium or cadmium). 

Gallium, detection of. Solutions of tri- 
valent gallium salts are colourless. Gallium 
hvdroxide, Ga(OH)„ is formed as a white 
precipitate on the addition of ammonia or 
sodium hydroxide solution. It redissolves 
readily in excess of the latter, and is soluble 
with difficulty in excess of ammonia. 
Gallium sulphide is not precipitated by 
hydrogen sulphide from neutral, acid, or 
alkaline solutions. After separation from 
metals such as zinc or iron, with which it 
is commonly associated, gallium may be 
estimated quantitatively by precipitation 
as the hydroxide followed by ignition to 
the sesquioxide, Ga,0„ which is weighed. 

Gallium halides. Halogen derivatives of 
di-, and tri-valent, and possibly also of 
monovalent, gallium are known, the trivalcnt 
condition being the most stable. Gallium 
trichloride. GaCI„ is formed by the action of 
chlorine on the metal. It melU at 75*5° 
and boils at 210°-215°. The vapour density 
at the boiling-point shows the molecule in the 
vapour state to be Ga,CI # . Gallium chloride 
in the fused state is a non-electrolyte. The 
anhydrous solid is hygroscopic and the 
solutions arc readily hydrolysed with forma¬ 
tion of the oxychloride, GaOCl. Analogous 
bromides and iodides of trivalcnt gallium 
have been prepared. The chloride GaCI, is 
formed by the action of chlorine on excess 
of hot gallium. It melts at 104° and, in 
the molten condition, is a good conductor 
of electricity. 

G allium sesquioxide, Ga 3 O a . This oxide 
is formed as a white, non-volatile, and non- 
fusible powder by ignition of the sulphate 
or nitrate of the element, or by ignition of 
the hydroxide, Ga(OH)„ which is preci¬ 
pitated by ammonia from solutions of 
gallium salts. Gallium hydroxide is soluble 
in excess of alkali hydroxides, and par¬ 
tially soluble in excess of ammonia. 
Gallium oxide is less basic than that of 
aluminium, although in many respects it 
resembles Al a O s . When Ga 2 0 3 is heated 
to redness in hydrogen it is reduced, prob¬ 
ably with formation of the oxide GaO. 

Gallium sulphate, Ga t (S0 4 ) 3 , 18H t O. 
This is obtained by dissolving the metal or 


its hydroxide in dilute sulphuric acid and 
crystallizing. It forms colourless crystals. 
Its aqueous solution undergoes partial hydro¬ 
lysis on boiling. When gently heated the 
hydrated salt loses its water and becomes 
anhydrous. At a red heat gallium sulphate 
is transformed to the sesquioxide. Gallium 
sulphate forms alums (e.g. (NII 4 ) 2 S0 4 , 
Ga,(S0 4 ) 3 , 24H t O) when it is crystallized 
with the sulphate of ammonium, potassium, 
rubidium, or ctesium. 

Gallium sulphide, Ga t S 3 . Formed as a 
yellow crystalline solid by the action of 
sulphur vapour on metallic gallium. It 
is decomposed by water, by acids, or by 
alkalis. When heated in a current of hydro¬ 
gen at 800° the sesquisulphidc, Ga 2 S„ is 
reduced to the sulphide of divalent gallium, 
GaS, which is also yellow. It differs from 
the sesquisulphidc in that it is stable towards 
water. When heated at 720° in vacuum 
GaS decomposes into the sesquisulphidc and 
a grey-coloured monosulphidc Ga,S. 

Gallotannic acid. Sec Tannic ucid. 

Galls are the dried spherical excrescences 
from the twigs of Quercus inftetoria resulting 
from the deposition of eggs of the gall-wasp. 
Galls contain a large proportion of gallo¬ 
tannic acid, and arc strongly astringent. 
They are used for the preparation of medi¬ 
cinal tannic acid, and also in ink manufac¬ 
ture. Powdered galls, with or without 
opium, are a constituent of an ointment 
and a suppository used for the relief of 
haemorrhoids. 

Galvani, Luigi (1737-1798). Born at 
Bologna, Galvani studied theology and 
subsequently medicine at the university 
there. In 1762 he was appointed lecturer 
in anatomy in his native town. Galvani 
owes the wide celebrity of his name to his 
discoveries in animal electricity rather than 
in anatomy. In 1791 he observed the con¬ 
vulsive twitching of a frog muscle in contact 
with two different metals, and thus initiated 
the study of electro-chemistry. 

Galvanizing. The coating of sheet iron 
with a coating of zinc. The iron is cleaned 
by pickling with dilute acid and then 
dipped into a bath of molten zinc, ammon¬ 
ium chloride being used as a flux. The 
coating is attacked by sea water, by the 
sulphurous vapours of large towns, and 
by dilute acids and alkalis; this latter 
rendering it useless for food-canning 
purposes. 

Cold galvanizing is the process of coating 
by electrodeposition from a solution of 
zinc sulphate, using a zinc anode. 

Gamma-rays. Electro-magnetic waves of 
very small wave-length, that is very hard 
X-rays. They have great penetrating 
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power and are emitted during most nuclear 
disintegrations. 

Gammexane. A trade name for the 
gamma stereoisomer of hexaclilorocyclo- 
hexane, C,H,CI,. Colourless, almost odour¬ 
less crystals, M.P. 112°. Stable at high 
temperatures and to acids, unstable in the 
presence of alkalis. Almost insoluble in 
water, soluble in most organic solvents. 
Hcxachlorocyclohexanc, as normally pre¬ 
pared by chlorinating benzene in sunlight, 
>8 a mixture of isomers containing 10-12 % 
of the y isomer, which is separated by 
fractional crystallization. Gammexane is 
a powerful insecticide against a wide 
variety of insects, acting both as a stomach 
and contact poison. It may be used by 
incorporation in a dust, as a spray in an 
organic solvent, as an emulsion, and as a 
fumigant. The other hcxachlorocyclohcxane 
isomers are not toxic to insects or only very 
slightly so. Sec Slade, Chem. and Ind., 
1045, 314. 

Gangue. The foreign matter consisting 
of clay, etc., found associated with ores. 

Ganja. See Indian hemp. 

Garner, William Edward (1880- ). 

Garner was educated at the Universities of 
Birmingham, Gottingen, and London. He 
was appointed lecturer in chemistry, Bir¬ 
mingham (1018), University College (1010), 
reader in physical chemistry. University 
College, I-ondon (1025), and Lcvcrhulme 
professor of physical chemistry, Bristol 
(1027). He has published many original 
papers on flame, adsorption, and long-chain 
organic compounds. 

Garvan, Francis Patrick (1875-1037). 
Born at E. Hartford, Connecticut, and 
trained as a lawyer, Garvan first became 
interested in chemistry as Director of the 
Bureau of Investigation of the Alien 
Property Custodian’s Office. Largely re¬ 
sponsible for the establishment of the 
Chemical Foundation, Garvan became its 
first president. Under his guidance and 
aided by contributions from his personal 
fortune, the Foundation has made possible 
the publication of chemical knowledge, 
research on cancer, tuberculosis, and the 
common cold, and the advancement of 
chemical education. Awarded the Priestley 
Medal, 1029. 

Gas. There is no clear division between 
the solid and liquid states, or between the 
liquid and gaseous states. The gaseous 
state is the most diffuse state of matter, in 
which the molecules have an almost un¬ 
restricted motion, so that a gas may be 
defined as a substance of which the volume 
increases continuously and without limit 
as the pressure on it is continuously reduced. 


This definition does not distinguish a gas 
from a vapour, and to do this the proviso 
that the substance is above its critical 
temperature should be added. 

For household gas, sec Town gas. 

Gas absorption. The transfer of a gas 
from the free state into another medium, 
usually a liquid, in which it is more or less 
soluble. The equipment used for gas ab¬ 
sorption is designed to secure the most 
intimate contact possible between the two 
phases. The gas may be bubbled through 
a liquid, or, if the heat liberated is large, 
passed over the surface of the liquid, or the 
liquid inay be sprayed into the gas. See 
Ccllarius tourill, Absorption tower. 

Gas analysis. A mixture of gases may 
be analysed by— 

(1) absorbing each constituent, preferenti¬ 
ally by means of a reagent, c.g. carbon 
dioxide in caustic potash solution, carbon 
monoxide in acid or alkaline cuprous 
chloride; 

( 2 ) exploding or burning the gas with 
oxygen or air and measuring both the 
change in volume and amount of waste 
gases formed by absorption ; 

(3) titration as in volumetric analysis, c.g. 
ammonia nnd hydrogen sulphide ; 

(4) by absorbing the gas on a substance 
which can be weighed both before and after 
absorption ; 

(5) by changes in thermal conductivity, 
c.g. carbon dioxide in flue gas. 

Gas analysis apparatus falls generally into 
two classes, one in which the sample of gas 
is maintained at constant pressure and 
the changes in volume measured, and the 
other in which the gas is maintained at 
constant volume and the changes in pressure 
recorded. 

In the first type we have the Hem pel, 
Winkler and Bunte, the Orsat, and Haldane. 
In the second type we have the Bone and 
Wheeler, which has been modified in the 
Bone and Ncwitt apparatus, and the 
Ambler. 

Gas constant. By combining Boyle’s 
and Charles’s Laws, we arrive at a general 
equation of the form pv = fcT, where p is 
the pressure, v the volume, and T the tem¬ 
perature of the gas, while k is a constant 
depending on the amount of gas used, and 
the units employed for expressing p and v. 
When one gram molecule of gas is con¬ 
sidered, k may be replaced by R, and the 
equation becomes pv = RT. R is called 
the gas constant. R = 0 08204 litre-atmos. 
per degree, or 8*3162 x 10 7 ergs per degree, 
or 1 087 gm.-cals. per degree. 

Gas laws. The laws which describe the 
behaviour of gases are Boyle’s Law, 
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Charles’s Law, Gay-Lussac’s Law of gaseous 
volumes, and Avogadro’s Hypothesis. 

Gas mantle oxide. A mixture of 99 parts 
of thoria, ThO„ and 1 part of cena, CcO,. 
In the manufacture of incandescent mantles 
the cellulose fabric is impregnated with the 
appropriate mixture of thorium and cerium 
nitrates. On drying and igniting a skeleton 
remains which constitutes the mantle. 
The best light emission from the mantle is 
obtained with the two oxides in the above 
proportions. 

Gas oil. The petroleum fraction inter¬ 
mediate between kerosene and light lubri¬ 
cating oils. Owes its name to the fact that 
it was originally the chief base material 
for the production of oil gas but is now 
largely used for cracking to gasoline, for 
the preparation of Diesel fuels, and as a 
scrubbing agent in benzol absorption 
processes. 

Gasoline. Sec Petrol. 

Gas purifiers. Coal gas for domestic use 
must be free from hydrogen sulphide, and 
purifier boxes are used to remove this gas. 
They arc of two sorts, water lute and dry 
lute, and are constructed usually of cast-iron 
plates bolted together to give a square or 
rectangular box. 

The materials used for purification arc: 

(1) Natural oxide of iron (bog iron ore). 

(2) Weldon’s mud. (3) Colloidal ferric 
hydrate prepared from residues after extrac¬ 
tion of alumina from bauxite. 

Gate agitators. Sec Paddle agitators. 

Gattermann’s reaction. This is a method 
for introducing chlorine, bromine, or CN 
into the aromatic nucleus. The appro¬ 
priate diazo-compound is warmed with 
copper powder, nitrogen is liberated, and 
the halogen present in the diazonium salt 
attaches itself to the carbon atom affected. 
Thus :— 

m . C # H 4 (NH 2 ),-► m . C 4 H 4 (N t Cl), 

-► m . C 4 H 4 C1 j 

Gattermann synthesis. A method for 
the synthesis of aromatic hydroxyaldehydcs. 
For example, aluminium chloride is used to 
bring about the condensation of phenol with 
a mixture of gaseous hydrochloric acid and 
hydrocyanic acid; an aldimine hydro¬ 
chloride is formed and on hydrolysis gives 
p-hydroxybenzaldehyde :— 

C 4 H 8 OH + HCN + HC1 

-*- p-C 4 H 4 (OH)CH : NH . HC1 

I 

p-C 4 H 4 (OH)CHO + NH 4 C! 

Gaultherin, C 19 H M 0 ltv the parent glyco¬ 
side of methyl salicylate, is widely distri¬ 
buted in plants. It is of interest as being 


a glycoside of the disaccharide, primeverose, 
C s H, 0 4 • O • C 4 H I0 O 4 • O • C 4 H 4 • COjMe. It 
has been synthesized. Methyl salicylate is 
also found combined with vicianose as 
violutin. 

Gay-Lussac, Joseph Louis, was born 
in 1778 and studied chemistry in Paris. 
He became professor of chemistry at the 
Ecole Polytechniquc in 1800 and in 
1832 professor at the Jardin des Plantes. 
He and Thenard devised a method of pre¬ 
paring potassium and sodium by a chemical 
process ; these elements were used to effect 
reductions, e.g. boric acid to boron. Gay- 
Lussac discovered cyanogen, first prepared 
ethyl iodide, and determined many vapour 
densities. He died in 1850. 

Gay-Lussac’s Law. Gay-Lussac (1808) 
stated that when gases combine they do so 
in volumes which bear a simple ratio to 
each other, and to that of the product if it 
is also a gas. Thus, one volume of nitrogen 
combines with three volumes of hydrogen to 
yield two volumes of ammonia. The law 
is only approximately true, e.g. the ratio 
of the combining volumes of hydrogen and 
oxygen in water is not exactly 2 : 1 , but 
2 0027: 1. The law holds strictly only for 
ideal gases. 

A quite different law, Charles's law, is also 
known as Gay-Lussac’s law. 

Geber. Sec Jabir. 

Gegen-ioos. The charge on the surface 
of a colloidal particle is compensated by 
an equal and opposite (ionic) charge in 
the liquid in immediate contact with it, 
the system ns a whole being uncharged. 
These compensating ions which surround 
the charged particles are termed gegen-ions. 
According to modern ideas the gegen-ions 
do not form a rigid layer round the charged 
sol particle but a diffuse layer in which 
their density decreases with distance from 
the interface. See Colloid ; Diffuse double 
layer. 

Geissler tube. This consists of a glass 
tube containing a gas at a low pressure, 
and a metal contact at either end sealed 
through the glass. On applying a suitably 
high electrical potential to the two elec¬ 
trodes, the gas glows with its own char¬ 
acteristic luminosity. 

Gel. Hydrophilic colloids are capable 
under certain conditions, such as lowering 
of temperature, of partially coagulating to 
a mass of intertwining filaments which may 
enclose the whole of the dispersion medium 
to produce a pseudo-solid but easily deform¬ 
able mass or jelly. Such gels may, in some 
instances, preserve a rigidity when they 
contain as little as 1 % of disperse phase, 
and generally appear to be heterogeneous 
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under the microscope. Gels arc sometimes 
classified as hydrogels, alcogels, etc., accord¬ 
ing to whether the dispersion medium is 
water, alcohol, etc. 

Inorganic gelatinous precipitates have 
much the same type of structure as coherent 
gels, and can often be made to form true 
gels on careful choice of conditions. Gels 
are sometimes divided into clastic and rigid 
gels. Gelatine is an example of the first 
type, silica gel of the second, but this 
classification is not strict, as even silica 
has a certain amount of elasticity, as is 
proved by the vibrations produced on 
tapping a test-tube full of silica gel. Gela¬ 
tine gel may be converted back to the sol 
on heating and is thus a reversible gel; 
silica will not liquefy to a sol on any simple 
treatment, and is said to be irreversible. 
Sec Colloid. 

Gelatin. A protein, belonging to the 
scleroprotein class. It occurs in bones and 
in fibrous tissue in the form of its anhydride. 
collagen, which is converted into gelatin on 
boiling with dilute acids. Gelatin swells in 
cold water, but is insoluble in it. It dis¬ 
solves in hot water to give a very viscous 
solution, and a solution containing 1 % 
or more solidifies to a jelly on cooling. 
Gelatin is an incomplete protein ; it con¬ 
tains no tyrosine, tryptophan, or cystine, 
and is therefore useless as the sole source of 
dietary protein. It is particularly rich in 
glycine and lysine. It is manufactured from 
bone and from hides, and is used in cooking 
and photography amongst other industries. 
It is the principal constituent of glue. 

Gelation. This term is used to denote 
the partial coagulation of a lyophUic sol 
which results in the formation of a gel. 
There is some doubt as to whether gelation 
is a continuous or discontinuous process. 

Gelignite. A binsting explosive con¬ 
taining 00-01 % of nitroglycerine, 4-5 % 
of nitrocellulose. 7-9 % of wood-pulp, and 
about 27 % of potassium nitrate. Its 
sensitiveness to shock is often reduced by 
the addition of camphor. 

Gelsemium is the dried rhizome and roots 
of Gelsemium sempervirens, an evergreen 
plant growing in the southern states of 
North America. It contains the alkaloids, 
gclscmine and gclseminine. Gelsemium 
paralyses the nerve centres, and is a respira¬ 
tory poison. In insomnia due to neuralgia, 
it is administered along with butylchloral 
hydrate. 

Genins. Where a glycoside is composed 
of a carbohydrate group combined with a 
compound related in structure to the sterols, 
the non-carbohydrate portion of the mole¬ 
cule is called a *' genin.” Genins arc there¬ 


fore obtained from the vegetable heart 
poisons related to digitalis, the toad venoms, 
and the saponins. 

Genter filter thickener. Sec Filter thick¬ 
eners. 

Genth, Frederick Augustus (1820-1893). 
Gcnth was born at Wfichtcrsbach bci 
llanau, and after studying at Heidelberg, 
Giessen, and Marburg, went to America 
in 1848. From 1872 onwards he was 
professor of chemistry and mineralogy at 
the University of Pennsylvania. lie dis¬ 
covered 24 new minerals, discovered and 
investigated the cobalt-ammonium com¬ 
pounds, and was President of the American 
Chemical Society in 1880. 

Gentian is the dried root of Gentiana lutea. 
The galenical preparations of gentian, the 
compound infusion, and the compound 
tincture are used in medicine for their 
bitter, appetite-stimulating properties. The 
extract of gentian, a sticky scini-solid, is 
used chiefly as a pill excipient, while the 
powdered root itself is a constituent of 
many cattle medicines. 

Gentianose, C, B I1„0,„ the trisaccharide 
present in the rhizomes of gentian species 
is composed of sucrose joined to glucose. 
It is non-reducing. Dilute acids or invertasc 
split off the fructose, leaving gcntiobiosc. 
It crystallizes in plates, M.P. 209°, (a) D +33°. 

Gentian violet. Sec Methyl violet. 

Gentiobiose, C It H M O n , which is the sugar 
of a number of glycosides, in particular 
nmygdalin, is glucose - 0 - p - glucosidc. It 
is also a component of the trisaccharidc 
gentianose. It crystallizes in microscopic 
prisms, M.P. 100°, f<x] D + 9 0°, and occurs 
in two forms. It is hydrolysed by cmulsin. 

Geranial. See Citral-a. 

Geraniol, C, 0 H„O. A tcrjicnc alcohol of 
the constitution 


HjC 


* \c • CH, • CH, • CH, • C • CH, 

H * hLch, Oil 


or 


H, 
II,C 


: CH • CH, • CII, • C • CH, 

H • i • CH.OH 

Found in a very large number of essential 
oils, especially in palmarosa oil, also known 
as Turkish geranium oil, which is obtained 
from the grass Cymbopogon Martinii. It 
can be isolated by the separation of its 
crystalline derivative with calcium chloride. 
It is a colourless oil, smelling of roses, and 
is gradually altered if exposed to the air and 
to a lesser extent on keeping. B.P. 229°- 
230° /757 mm., d u 0 883, »ij>° 1-4760. It 
forms a characteristic diphenylurethane, 
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M P 82°. It forms citral-a on oxidation. 
By treatment with gaseous hydrochloric acid 
and other agents geraniol .s converted into 

dl CSS*. Charles Fr^ric (1816-1856). 
A pupil of Liebig, Gerhardt became in 
1838, lecture assistant to Dumas in Pans. 
He was professor of chemistry at Mont- 
pellier from 1841 till 1848. when he returned 
to Paris to open with Laurent a private 
chemical laboratory. Here his ‘heoiy of 
types took form. In 1855 he became 
professor of chemistry and pharmacy at his 
native town of Strnsburg. His blunt and 
boorish manner prevented him from enjoy¬ 
ing the recognition his work deserved. See 
•* Charles Gerhardt, Sa Vie." by his son. 
Charles Gerhardt (Paris, 1000). 

Germanium, Gc. At. no. 82 » At. wt. 
72 00. Germanium was discovered in 1880 
by Winkler in the mineral argyroditc. It 
was found to correspond in its general 
physical and chemical properties with the 
Group IV element ekasilicon predicted by 
MendeWeff. The element usually occurs in 
nature as the sulphide, notable sources 
being South African germanite (6-2 % Ge), 
the spelter residues from certain American 
zinc ores, and the flue dusts obtained by 
burning certain types of coal. The metal 
is usually prepared by first isolating the 
chloride by distillation with hydrochloric 
acid. Germanium tetrachloride volatilizes 
with the hydrochloric acid. Arsenic chloride 
may be prevented from distilling over with 
the germanium halide by passing a stream 
of chlorine during the distillation. The 
chloride is then hydrolysed with water and 
the resulting oxide is reduced to metal in a 
stream of hydrogen at about 600 °. 

The clement is a grey metallic substance. 
It crystallizes with the diamond structure, 
a =» 5 62 A. It is brittle. The density is 
5-469, and the melting-point 958° ± 5°. It 
is stable in air at room temperature, but 
oxidizes superficially on moderate heating. 
It also combines with chlorine on heating. 
In its compounds germanium exhibits 
valencies two and four. Germanium and its 
dioxide are used in Radar apparatus and 
for television viewing screens. It forms 
alloys which expand slightly on cooling and 
are used in small scale precision castings. 

Germanium chloroform, GeHCl,. A 
mobile liquid of B.P. 75°, M.P. - 71°, 
d 0 1-93, obtained by the action of hydrogen 
chloride on germanous chloride, GeCl,, at 
30°. This reaction is reversed by heating 
to 140°. Germanium chloroform is rapidly 
hydrolysed by water, and is also attacked 
by oxygen, one of the products being the 
oxychloride GeOCl,. 


Germanium hydrides, Germanes. Three 
hydrides of germanium have been ‘Seated 
from the product of the interaction of dilute 
hydrochloric acid on magnesium gcrmamUe. 
Their formula are : GcII* (M.P. 1( V ' 

B.P. 88 - 1 °), Ge,H, (M.P. - 1°»M*.P. * 11 >• 
and Ge,H 8 (M.P. - 105-0°, B.P. n ° 5 )• 
The constitutions of these hydrides are 
similar to those of the saturated aliphatic 
hydrocarbons. They are, however, oxidized 
at lower temperatures (150°-300°). They 
are unattacked by water, in which they are 
only slightly soluble. Monogermanc, GeH 4 , 
is unattacked by 33 % sodium hydroxide, 
but digermane, Ge,H„ evolves hydrogen. 
There are no known volatile germanium 
hydrides corresponding to ethylene and 
acetylene, although a yellow polymer with 
the formula (GcH,), is formed by decom¬ 
posing calcium germanide, CaGc, with dilute 
hydrochloric acid. 

' Germanium oxides. Two oxides, GeO and 
GeO„ arc known. The first is formed as a 
brown powder by regulated reduction of the 
dioxide, to which it is readily re-oxidized. 
It will reduce potassium permanganate. 
The dioxide, GcO„ is obtained by heating 
germanium strongly in air or oxygen, or by 
hydrolysis of the tetrachloride. Its den¬ 
sity is 3-803-3-038, and its melting-point 
1107°-1115°. The dioxide dissolves slightly 
in water, giving an acid solution. It 
dissolves in solutions of bases, forming 
germanates. in which the germanium is 
present in the anion. 

Geronic acid, C,II„ 0 ,. 

CH, 

CH, • CO • CH, • CH, • CH, • <; • COOH 

CII, 

B.P. 275°-280°/740 mm., I). 1-0221. It 

is soluble in alcohol and ether and is ob¬ 
tained by treating vitamin A or carotene 
with ozone and decomposing the ozonides 
so formed. 

Geyser mixer. This consists of a cylin¬ 
drical casing surrounding a tapering worm 
of comparatively small diameter, and ex¬ 
tending the whole height of the machine. 
Solid is raised by this worm to the top of 
the mass, its place being taken by gravity 
flow, and as it is drawn continuously from 
all levels in the container efficient mixing 
results. 

Gibbs, Josiah Willard (1839-1903). Born 
at New Haven, Connecticut, Gibbs studied 
at Yale College, Paris, Berlin, and Heidel¬ 
berg. In 1871 he became professor of 
mathematical physics at Yale College. 
His writings deal with thermodynamics, 
multiple algebra, vector analysis, the 
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electromagnetic theory of light, and 
statistical mechanics, and of these his 
work on “ The equilibrium of heterogeneous 
substances” is generally regarded as most 
important. In it he enunciated principles 
which form the foundation of modem 
physical chemistry. He was awarded the 
Copley Medal of the Royal Society in 1001. 

Gibbs, Oliver Wolcott (1822-1008). Son 
of Colonel George Gibbs, mineralogist, Gibbs 
was bom in New York and educated at 
Columbia College. Later he studied 
chemistry at the University of Pennsylvania, 
and medicine at the College of Physicians 
and Surgeons, New York. After a period 
with Rammelsberg (Berlin), he was in 1840 
appointed professor of chemistry at the 
Free Academy, New York. In 1863 he 
became Rumford professor at Harvard. 
His investigations were mainly on problems 
associated with complex salt formation. 
Sec Chcm. Soc. Mem. Lect., 1000. 

Gibbs-Helmholtz equation. This relation¬ 
ship, which may be written 


U = A - 



connects U, the decrease of internal energy 
of a system, with A, the external work done 
by the system at temperature T. The 

term ^ denotes the rate of change of A 
a l 

with changing T. Derived from the First 
and Second Laws of Thermodynamics, the 
equation is of the greatest importance in 
physical chemistry. 

Gibbsite, Al(OII)„ a form of aluminium 
hydrate crystallizing in the monoclinic 
system with a = 8 024 a., b — 5 000 a., 
c — 9-09 a., ■■ 85° 20', with eight mole¬ 
cules in the unit cell. Sp. gr. 2-S-2-4, 
hardness about 3, refractoriness (after 
calcination) about 1920°. Prior to use it 
must be calcined as it shrinks excessively 
on heating. 

Gibbs’s adsorption equation. This funda¬ 
mental formula connects the lowering of 
the surface tension of a liquid by a dissolved 
substance with the adsorption of solute at 
the interface : 


_C 

RT dC 


U is the excess of substance in the surface 
layer, C is its concentration in the bulk 
solution, a the surface tension, T the 
absolute temperature, and R the gas 
constant. This equation has been verified 
in the case of solutions by producing a large 
interface of foam and measuring the different 
concentration of soap in the foam as com¬ 
pared with that in the solution. The 


Gib!>s equation should apply also to solids 
but cannot be proved as there is no means 
of measuring the surface tension of a solid. 
See Adsorption, Surface tension. 

Gilsonite. A natural high melting-point 
bitumen, M.P. 160°-170°. It has a high 
di-elcctric strength and very low water 
absorption. 

Ginger consists of the dried rhizome of 
Zingiber officinale, and is obtained from 
Jamaica, Africa, and Cochin China. It 
contains an essential oil and a pungent 
oily substance known as “ gingcrol.” 
Ginger is a carminative, and is used with 
purgatives to prevent griping. It is warm¬ 
ing and stimulating to the stomnch, and is 
frequently added to medicines as a flavour- 
ing agent. Powdered ginger is one of the 
constituents of Gregory powder. 

Gitalin, C, t H M 0 lt . has M.P. 155°, 
(aJ D — 25-2°, and consists of 2-digitoxose 
+ gitnligcnin. 

Gitonin, C„H m O„, has M.P. 272°, 
(al D — 50-7°, and consists of 3-galactose 
+ pentose + gitogenin. 

Gitoxin, C 4 I H m O„, has M.P. 285°, 
(o] D + 3-5°. It consists of 3-digitoxose + 
gitoxigenin. 

Gladstone, John Hall (1827-1902). Born 
at Hackney, London, Gladstone studied 
chemistry at University College, and after¬ 
wards at Giessen, under Liebig. In 1874 
he was appointed Fullcrian professor of 
chemistry at the Royal Institution. His 
most important scientific work lay in the 
sphere of physical chemistry. He em¬ 
phasized the importance of the spectroscope 
in chemical research. Of private incans, 
he took an active part in religious and 
public work. See J. Chem. Soc. t 1905, 
p. 591. 

Glass. A hard, brittle, amorphous 
material which is usually transparent or 
translucent, and resistant to chemical 
attack. The common lime-soda glass used 
for bottles and jars is a supercooled mixture 
of sodium and calcium silicates, prepared 
by fusing a mixture of sand, soda-ash, and 
lime. Numerous special varieties of glass 
arc now made, in which the silica is partly 
or (infrequently) wholly replaced by another 
acidic oxide, such as boron trioxide or 
phosphorus pentoxide, and the sodium 
is replaced by potassium (potash glass), 
lithium, an alkaline earth metal, or lead. 
“Crown glass” contains potash or barium 
oxide as the basic constituent; “ flint 

glass,” used largely for optical purposes, 
contains lead oxide. When glass is heated 
to the softening point for a prolonged 
period the constituents begin to crystallize 
and the glass “ devitrifies,” or becomes 



Glass 

opaque and more brittle. Colored glasses 
are obtained by adding small quantity 
of certain metallic oxides (or occ^onal y 
other compounds) to the melt 
gloss ” contains a tough celluloid sheet 
cemented between two sheets of plate 
• » toughened glass ” is strengthened 
by a process of rapid cooling, and docs not 
form splinters when broken. 

Glass electrode. A surface of glass in 
contact with a solution containing, say, 
hydrogen ions, develops a potential depend- 
ing on the concentration of these ions. A 
class electrode is a means whereby the 
potential may be measured. It-usually 
consists of a thin-walled glass bulb im¬ 
mersed in the solution. Electrical contact 
with the inner wall of the bulb is established 
bv a platinum wire dipping in a solution of 
an electrolyte which fills the bulb. The 
thin glass serves as a suitable conductor 
between the outer and inner walls of the 
bulb, and hence allows the potential of an 
electrode in the outer solution to be measured 
against that of the platinum wire in the 
inner solution. 

Glauber, Johann Rudolf, was born at 
Karlstadt, Bavaria, in 1604, and died in 
1007. He discovered sodium sulphate, still 
known os Glauber’s salt, and introduced it 
into medicine. 

Glauber’s salt. See Sodium sulphate. 

Gliadin. A protein, belonging to the 
prolamine class, present in the seeds of 
wheat and rye. It is a constituent of 
gluten flour and of bread. Sec " The 
Vegetable Proteins," by Osborne. 

Gliadins. Sec Prolamines. 

Globin. A protein, belonging to the 
histone class. Combined with harm it 
forms the respiratory pigment hemo¬ 
globin. Globins obtained from different 
sources are not identical, and the difference 
between the hemoglobins of various animals 
lies in the globin portion of the molecule. 

Globulins. A widely distributed class of 
proteins, insoluble in water and coagulated 
by heating. They are soluble in dilute salt 
solutions, but precipitated by half saturation 
with ammonium sulphate (a distinction from 
albumins). They include such proteins as 
myosin from muscle, fibrinogen from blood, 
and edestin from hemp. If blood scrum is 
dialysed against distilled water, the salts 
are removed and a precipitate of globulins, 
“ cuglobulins,” appears. If the filtrate 
from this is half saturated with ammonium 
sulphate, a further protein precipitate is 
thrown down. This is called the 14 pseudo¬ 
globulin " fraction, and differs from the 
typical globulins in being soluble in water. 


231 


Gluconic 


Pseudo-globulins are found also in milk and 
other animal tissues. 

Glow discharge. When an electrical 
potential is applied to a gas at low pressure, 
say less than a few mm., the gas acts as 
a conductor, and becomes luminous. The 
appearance of the discharge has certain 
characteristic features. Thus at about 
01 mm. in helium there is a narrow dark 
space next the cathode (the Aston dark 
space), with a thin glowing layer of gas 
next to it (the cathode glow), which is 
followed by a wider dark space (the Crookes 
or cathode dark space), then a glowing 
area (the negative glow), which is separated 
by the Faraday dark space from a longer 
area of glowing gas (the positive column), 
which stretches as far as the anode. The 
exact dimensions of the various dark spaces 
and glows vary with the potential, the gas 
pressure, and the nature of the gas. At 
even lower pressures than 0-1 mm. in 
helium, the discharge consists only of a 
negative glow and Crookes’s dark space. 

Glucinum, Gl. An alternative name for 
the element beryllium, which latter name is 
now generally used. Sec Beryllium. 

Glucocheirolin, C n H M 0„NS,K, is a 
mustard glycoside present in seeds of the 
wall-flower. It is hydrolysed by myrosin 
and has the structure 

CH, • SO, • [CH,1, • N: C(OSO,K)• S • C,H u O, 

of an aromatic sulphonc. 

Gluconapin, C n H„0,NS,K, the mustard 
oil glycoside of rape seed, is hydrolysed to 
glucose and crotonyl mustard oil. 

CH, * CH : CH * CH, * N : C : S. 

It and higher homologues are constituents 
of several cruciferous plants. 

Gluconic acid. C,H lt O,. 

H H OH H 


HO CH, • C 



^ 1 

_COOH 

OH ( 

>H H ( 

!)h 


Colourless crystals, soluble in water and 
alcohol, M.P. 120°-131°. D-Gluconic acid 
has initial rotation [<xJb° — 0 -®, but exists 
in water as an equilibrium mixture with 
its lactones with (a)^ 0 + 7-5°. The 8- 
lactonc has M.P. 150 0 -152° and initial 
[a]” + 680 ° and hydrolyses rapidly to 
the equilibrium mixture. Gluconic y- 
lactone has M.P. 133°-135°, and initial 
[«]*• + 68 0° and hydrolyses slowly. Glu¬ 
conic acid is made by the oxidation of 
glucose by halogens, by electrolysis, by 
various moulds, or by bacteria of the 
Acetobacter group. Its calcium salt is used 
medicinally- 
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Glucoproteins, Glycoproteins, Mucopro- 

teins. A class of conjugated proteins con¬ 
taining carbohydrate groups, these groups 
consisting of a hcxosaminc, sulphuric acid, 
acetic acid, and glucuronic acid in molecular 
proportions. The glucoproteins include the 
mucins, which are found in connective tissue 
and in the secretions of the salivary and 
certain other glands, and the mucoids found, 
amongst other places, in white of egg. 
Aqueous solutions of glucoproteins are 
extremely viscous. See “ Hexosamines and 
Mucoprotcins,” by Levenc. 

Glucosamine, chitosamine, 2-amino- 
glucose, C 4 H„OjN. 

D-Glucosaminccan beob- __ 

tained by the hydrolysis I 

of lobster shells or mould ' 

mycelium by hydro- H • C • NH 
chloric acid. It crystal¬ 
lizes in needles from HO • • H 

alcohol, M.P. 110°, with 
decomposition. Soluble H • • OH 

in water. Its hydro¬ 
chloride exists in two 11 * 
crystalline isomeric .... .... 

forms, and has(x] D -f72-5° * 

in cquilibriated solution. 

Glucose, C 4 II„0 4 , is the typical hexose 
sugar. It Is also known as dextrose 
(dcxtro-glucosc) and grape-sugar. It is 
widely present in plants and fruit juices, 
and is the sugar of the blood. It is obtained 
from cellulose, starch, sucrose, and other 
polysaccharides by hydrolysis effected by 
means of acids or enzymes. It has been 
synthesized. Its chemistry is involved 
owing to the number of forms in which it 
can exist. These arc 

(1) Aldehyde: 

II H OH H 

CH a (OH) • t i t • CHO 

on Ah i Ah 

It exists as such in solution and stable 
derivatives of aldehyde structure are 

known. The optical antipode of D-glucose 
in which the positions of every II and OH 
arc transposed is L-glucose. Since the 

compound contains four asymmetric carbon 
atoms, 10 isomerides are possible. All of 
these arc known and have been synthesized. 
Only 3 arc found in nature. 

(2) <x- and 0-glucopyranose : 


ClIjOII 


II /II 


\ OH 


These consist of a ring containing five car¬ 
bons and one oxygen. Carbon 1 has become 
asymmetric, and two stereoisomers therefore 
exist. These differ in regard to whether 
the OH group is above = ft or below = a, 
the plane of carl>on atoms. Roth forms 
arc crystalline. 

M.P. [a] D . 

a-glucopyranose 140° 4- 113-4°. 

0-glucopyranosc 148°-50° + 10°. 

In solution the rotation of both compounds 
changes to the same final value 

[a] D + 52-2° ; 

a-glucosc separates at ordinary tempera¬ 
tures from solutions in 70 % alcohol and 
^-glucose from aqueous solutions at tem¬ 
peratures above 08° or better by rccrystal- 
lization from pyridine or from hot glacial 
acetic acid. A long series of stable deriva¬ 
tives of each form is known. 

(8) a- and 0 -glucofurunosc: 

HOCH, ~ 


HOCII 


K ° h «/ 

" x l— K 

H OH 


OH H / 

II Oil 


These arc unstable and are only known In 
solution. The corresponding ethyl gluco- 
sides are crystalline; several other deriva¬ 
tives are known. 

(4) a- and 0-glucoseptanosc, known only 
os acetates : 

Cl I Ac CIIAc • CH,-v 

CHAc ■ CHAc • CH(OH/ 

The stability of this ring is of the same order 
as that of the furanosc ring. 

The most characteristic properties of 
glucose sugar are: (a) it reduces Fchling's 
copper solution, (fc) it forms a phenyl- 
hydrazone and an osazone, (c) it is fer¬ 
mented by all yeasts. 

For a full account of the properties and 
transformations of glucose, sec Armstrong’s 
“ Carbohydrates.** 

Glucosidase. See Emulsin and Maltase. 

Glucoside (Glycoside). A glucoside is a 
sugar derivative in which the OH attached 
to carbon 1 is substituted by an alcoholic, 
phenolic, or other radical. The simplest 
glucoside is methylglucoside, 

C,H u O,—O—CH,. 

As this carbon atom is asymmetric there 
are 2 isomerides distinguished as a and 0. 
A considerable number of glucosides have 
been made synthetically by a variety of 
methods. The name refers in particular to 
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. - 

P '“, S '.ed .0 «“o« which contain glucose as 
" str, ”*t? whilst glycosides is used to cover 
the sugar, whtBtgy^ut refcrence to the 

t?tuent sugar. The non-sugar portion 

uTono to the 8-series, but require specific 

enzymes to effect their hydrolysis; these 

generally aecompany them in the ptonU- 
genera j colourless, crystal- 

^f h Her" suhstTnces. Many hundreds 
h"ve been described, some of general 
others of very restricted occurrence. They 
”haracteristie of species, race, and 
individual. Various functions have been 
ascribed to them. Probably most sub- 

'hTnTwiri. “su^r. inform.- 

ti0 fflumo^rrd , :c’.« 1 .0,jta anosidation 

:O.H • CH • CHOH • CHOH • CHOH • CH(OH) 

~o 


to sot in pans. “ Bone glue is prepared 
in a similar way from bone cart,]a ^! P . 
viously freed from calciurn phosphate by 
treatment with acid. Fish glue 
obtained from fish refuse. 

Glutaconic acid, C,H«0«, exists 
and irons- forms; both arc colourless 
crystalline solids. Trans -glutaconic acid, 

HOOC—CH 

i^HCHjCOOH 

is the stable form. M.P. 138°. Soluble 
in water, alcohol, and ether. Prepared by 
treating ethyl /Miydroxyglutarate dis¬ 
solved in pyridine, with thionyl chloride 
at 0 °; the ethyl glutaconatc so formed is 
hvdrolvsed by heating with acid. I'orms 
a' hydroxyanhydride when refluxed with 
acetic anhydride. Alkyl glutaconic acids 
show tautomcrism as well as cis-trans 
isomerism. cis-Glutaconic acid, 

HC—COOH 

Ihch.cooh 


It contains the pyranosc ring, and exltU in 
« and P forms. The final rotation “ 
fal ( 30°. The animal organism hus the 
power of combining substances which are 
toxic with glucuronic acid, forming com¬ 
pounds of glucosidic type, and| c * cr £ ,n K 
them in the urine. The acid is of gr^t 
interest, as the intermediate stage between 
glucose and xylose; it gives rise to the 
latter by decarboxylation, a procew which 
is supposed to take place in plants. It is an 
important constituent of hcmicclluloses and 
plant germs. Sec Uronic acids. 

Glue. A mixture of peptones, or nitro¬ 
genous Substances of animal origin, which 
is closely related to the proteins and is 
probably built up by condensation of 
amino-acids. Glue is generally prepared 
from waste skins and cuttings from tan- 
yards, together with bones, skins, tendons, 
horn-piths, etc. from slaughter-houses. 
The raw material is treated with nullc of 
lime to remove hair, fat, and other un¬ 
desirable constituents, and then washed 
with acid (generally hydrochloric) and 
water. It is then heated with water to 
about 60° in large open vats (‘‘boding 
process). The waste material is filteredi oH, 
and the glue solution concentrated at about 
the same temperature, decolorized with 
charcoal or sulphur dioxide and allowed 


11 p. 130®. Soluble in water and alcohol, 
insoluble in chloroform. Prepared by 
heating the /rani-acid with acetic anhydride, 
pouring the product into cold water and 
evaporating the solution rapidly. This 
form is stable only as a solid or in solution 
in ether. When melted or dissolved in 
water it changes to the Irons form, Forms 
the hydroxyanhydride when warmed to 
40° with acetic anhydride. 

Glutamic acid, a-Aminoglutaric acid, 
C.H.O.N. Rhombic crystals, M.P. 224 - 
225®, with decomposi¬ 
tion. Soluble up to 
1 o/ Q in water, less 
soluble in alcohol. The 
naturally occurring sub¬ 
stance is dextrorotatory, 

+ n o®. Glutamic acid is one of the 


CH(NH),COOII 

hi, 

'hi,—COOH 


p*jp * - . . 

acidic amino-acids and is present in large 
quantities among the products of protein 
hydrolysis. It can be synthesized by the 
body and is therefore not one of the essential 
amino-acids. Sec “The Biochemistry of 
the Amino-Acids," by Mitchell and Hamilton. 

Glutamine, C,H l 0 O,N„ 

CH(NH t ) • COOH 

I 

CII. 


CH,- 


CO-NH, 

in needles. M.P. 184®-185®. 
water, sparingly soluble in 
alcohol, (ex)” + 8®. It is the monoamide 
of glutamic acid, and is widely distributed 
in plants, especially in seedlings of the 


Crystallizes 
Soluble in 
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crucifcra; and caryophyllaccjc, and in the 
roots of the beet, the carrot, and the radish. 
It plays a similar rftle to that of its homo- 
■oguc asparagine in the nitrogen meta¬ 
bolism of plants. 

GIntaric acid, C,H,0 4 . 

HOOC—CHjCHjCHjCOOH, 
crystallizes in colourless plates or needles. 
M.P. 97°-08°, B.P. 302 o -304°. Very soluble 
in water, alcohol, and ether. Prepared by 
treating 1 : 3-dichloropropanc with sodium 
cyanide and heating the product with 
sodium hydroxide. Forms an anhydride 
on heating at 230°-280°. 

Glutathione, Glutamylcysteinylglycine, 
C I0 II 17 O 4 N 3 S. 

CO • CH, • CH, CH • COOH 
NH *Jh, 

in—CO NH • CH, • COOH 

Ah,-sh 

A tripeptide. M.P. 190M92*, with decom¬ 
position. Very soluble in water, the 
aqueous solution being unstable on heating, 
f°01fg — 9‘4°. It can be prepared from 
yeast, and has nlso been synthesized from 
its constituent amino-acids. Glutathione is 
present nlso in animal tissues, where it 
acts as an oxygen carrier. The formula 
given represents the reduced form of gluta¬ 
thione, and may be represented as G • SH ; 
this reacts with oxygen thus: 

2GSH + 0-GS-S-G + H.O. 

G • S • S • G representing the oxidized form of 
glutathione. The oxidized form is rapidly 
reduced by some system in the tissues, and 
thus glututhionc acts as a respiratory carrier 
of oxygen. Glutathione probably does not 
take part in more than about a tenth of the 
respiration of most animal tissues, and it 
probably has additional importance as a 
co-cnzyme in certain reactions, including 
the conversion of methyl glyoxal into lactic 
acid. 

Glutelin. A protein present in wheat, 
in gluten flour, and in bread. It is a typical 
member of the glutelin class of proteins. 

Glutelins. A class of proteins found in the 
seeds of cereals, resembling the prolamines 
in being insoluble in water and soluble in 
acids and alkalis, but differing in that they 
are insoluble in all concentrations of alcohol. 
Typical glutelins are wheat glutelin and 
oryzenin from rice. 

Gluten. A mixture of proteins present in 
wheat flour, obtained as an extremely 
sticky yellowish mass by making a dough 
and then washing out the starch. This can 


CH,()H 

c'hoh 

I'HO 


CH,OH 

HOH 

COOH 


be made into a,powdcr by dehydrating with 
acetone. It consists almost entirely of two 
proteins, gliadin and glutelin, present in 
about equal quantities, the exact propor¬ 
tions varying with different varieties of 
wheat. 

Glyceraldehyde, Glyceric aldehyde, C.H.O,, 
occurs in optically active forms. 
d-Glyccraldchyde is a colourless 
syrup, [ocJ D +13-5°. May be pre¬ 
pared by oxidation of 1 : 2, 5 : 0- 
diacetonc D-mannitol. L-Glycer- 
aldehyde, [<x) D - 14° falling to 
— 7°. Prepared by oxidation of diacctonc 
L-mannitol. The optically active forms 
polymerize more readily than the dl- form. 
DL-Glyceraldehyde forms colourless crystals 
having the formula (C,H.O,)„ M.P. 138 5°, 
sparingly soluble in water, soluble in 
alcohol. Prepared by oxidation of acraldc- 
hyde diethylacctal with potassium per¬ 
manganate. Converted to methylglyoxal 
by warm dilute sulphuric acid. Forms 
0-acrose when treated with solutions of 
barium hydroxide. 

Glyceric acid, C,H 4 0 4 , is an un- 
crystallizable syrup; it occurs in 
optically active forms. DL-Glyccric 
acid is miscible with water and 
alcohol, but is insoluble in ether. Prepared 
by oxidation of glycerin with nitric acid. 
Solutions of the acid give an intense yellow 
colour with ferric chloride. The optically 
active forms may be prepared from the 
DL-acid by fermenting nway one of the forms 
by means of suitable moulds or bacteria. 
The salts of the active acids show reversed 
optical rotations. 

Glyceric aldehyde. See Glyceraldehyde. 

Glycerides are esters of glycerin. They 
arc classified as mono-, di- and tri-glycerides 
according to the number of acid radicals 
combined with the three hydroxyl groups. 
The tri-glycerides occur naturally in animal 
and vegetable fats and oils. See Fats. 

Glycerin, Glycerol, 1 : 2 : 3-trihydroxy- 
propanc, C,H t O„ is normally ob¬ 
tained as a colourless, odourless, CH,OH 
viscous liquid with a very sweet 
taste. It may be crystallized at 
low temperatures from propyl or 
butyl alcohols or liquid ammonia. 

*>” 1-2641, M.P. 20°, B.P. 290° (slight 
decomposition); 182°/20 mm. Miscible 

with water and alcohol; slightly soluble 
in ether; insoluble in chloroform. It 
absorbs up to 50 % of its weight of water 
vapour. It occurs in combination with 
various fatty acids in all animal and 
vegetable fats and oils. Manufactured from 
the liquors obtained during the manufacture 
of soap from fats and oils. Such liquors 
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contain 5 % to 8 % of glycerin as well as 
10 % sodium chloride, some *° a P\ ® nd a 
little free alkali. It is treated wrth alu- 
minium sulphate to remove 'he soap and 
free alkali and is then concentrated under 
reduced pressure until the sodium chloride 
crystallizes out. This is removed by 
filtration and the liquor-containing about 
49 % glycerin—is again concentrated until 
ft contains 80% glycerin The reddish 
coloured liquor is the crude commercial 
glycerin. It is purified by distillation under 
reduced pressure in a current of steam 
and the distillate collected in a scries of 
condensers. The first condensers yield a 
glycerin of 85 % strength while the later 
ones collect the condensed steam containing 
a little glycerin. This dilute glycerin is 
known as “sweet water” and is again 
concentrated to 80% strength. For 
pharmaceutical purposes or for the manu¬ 
facture of dynamite the 85 % glycerin 
is redistilled as before to give a 00 8 % 
to 00 0 % glycerin. This may be made 
colourless by treatment with charcoal. 
It may also be manufactured by the fer¬ 
mentation of sugars by yeast in presence 
of sodium sulphite or in alkaline solutions. 
The most recent commercial process is 
based on propylene (obtained from the 
cracking of petroleum), which is treated 
with chlorine to give ullyl chloride, and 
from which glycerol is then prepared. 
Although dilute solutions may be con¬ 
centrated without loss of glycerin, solutions 
of over 80 % strength, on concentration, 
lose some glycerin by volatilization with 
the steam. It is a good solvent for many 
organic and inorganic compounds. It 
reacts with hydrochloric acid to form 
chlorohydrins; and with nitric acid to 
give nitroglycerin. When heated with 
sulphuric acid or potassium hydrogen 
sulphate, acrolein is formed. It is oxidized 
to a variety of products including glycer- 
aldehyde, dihydroxyacetone, glyceric acid, 
and oxalic acid. It reduces Fehling’s 
solution only slightly.on boiling. It will 
unite with one, two, or three acid radicals 
to give glycerides. Used as a moistening 
agent in the manufacture of tobacco and 
paper; used in various pharmaceutical 
preparations. Its most important uses are 
in the manufacture of nitroglycerin for 
dynamite, for the manufacture of the 
glyptal type of synthetic resin, and in 
the rayon and cellulose acetate film in¬ 
dustries. It may be detected by the odour 
of acrolein produced when it is heated with 
potassium hydrogen sulphate. See “ Soaps, 
Detergents, and Glycerin,” Vol. Ill, Martin. 

Glycerol. See Glycerin. 


Glycerol dichlorohydrins, C 3 H,OCI a . Gly¬ 
cerol a - dichlorohydrin, sym - dichloroiso- 
propyl alcohol, 

CH.CL 

>CHOH 
CH.CK 

is a colourless liquid with an ethereal odour 
D» 1-3506, B.P. 174°-175°. Soluble in 
water and ether. Prepared by passing dry 
hydrogen chloride into glycerin containing 
2 % acetic acid at 100 °- 110 ° until no more 
is absorbed. The mixture is treated with 
sodium carbonate to neutralize excess 
acid and the chlorohydrin separated from 
the salt layer and distilled. Reduced by 
sodium to isopropyl alcohol; oxidized by 
chromic acid to 0-dichloroacctonc. Con¬ 
verted to a-epichlorohydrin by potassium 
hydroxide. Used as a solvent for cellulose 
nitrate and resins. Glycerol 0-dichloro- 
hydrin, 2 : 3-dichloropropyl alcohol, 
CHjClCHClCHjOH, 

is a colourless liquid. I)*° 1-3534. B.P. 182°. 
Slightly soluble in water; miscible with 
alcohol, ether, and benzene. Prepared by 
the chlorination of allyl alcohol. Oxidized 
by nitric acid to 1 : 2 -dichloropropionic 
acid. Reacts with sodium hydroxide to 
give epichlorohydrin. 

Glycerol monochlorohydrins, C,H 7 O t Cl. 
Glycerol a - monochlorohydrin, 3 - chloro- 
propylcnc glycol, shown herewith, 
is a colourless, rather viscous liquid 
having a sweet taste. D° 1-338, 

B.P. 139°/18 mm. Miscible with 
water, alcohol, and ether. Pre¬ 
pared by passing dry hydrogen 
chloride into glycerin containing 2 % acetic 
acid heated to lOSMIO®. The reaction is 
complete when the theoretical increase in 
weight has occurred; the product is dis¬ 
tilled under reduced pressure. Reacts 
with nitric acid to give a dinitratc which is 
used in the manufacture of low-freezing 
dynamites. Glycerol ^-monochlorohydrin, 
2 -chlorotrimethylcne glycol, shown 
herewith, is a colourless liquid. 

D” 1-324, B.P. 140°/18 mm. 

Miscible with water and alcohol. 

It is obtained in small amounts 
in the preparation of the a-chloro- 
hydrin. May be prepared by the action of 
dilute chlorine water on allyl alcohol. 

Glyceryl is the name given to the 
group shown herewith. 

Glycine, Glycocoll, Aminoacetic 
acid, H t N • CH, • COOH. Crystal¬ 
lizes in colourless prisms. M.P. 

260®, with decomposition, turning 
brown at 228°. Very soluble in 
sparingly soluble in alcohol. It 
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8weet taste. Glycine is the simplest of 
the amino-acids and is a hydrolysis pro¬ 
duct of proteins. It can be made syntheti¬ 
cally by the action of ammonia on'chloro- 
acctic acid and by several other methods, 
and from proteins, such as g elalin, by 
hydrolysis with acids. It can conveniently 
be purified via the copper salt. Glycine 
con be synthesized in the animal body. 
When given by mouth it has a marked 
specific dynamic effect, increasing the rate of 
metabolism by sometimes as much as 
50 per cent. Sec ‘* The Biochemistry of 
the Amino-Acids,” by Mitchell and 
Hamilton. 

Glycocholic acid. Cholylglycine, 
C„H„O.N. M.P. 154°-155% with decom¬ 
position, [«]« + 24-3° in water. It occurs 
as its sodium salt in the bile. On hydrolysis 
it gives glycine and cholic acid. See Bile 
salts. 

Glycocoll. Sec Glycine. 

Glycocyamine. Guanidoacetic acid, 

CjH,O t N,. 

/Nil, 

HN: C( 

X NH • CH, COOH 

Crystallizes in plates, turning brown at 
240° and slowly charring. It is obtained 
by the direct union of glvcinc and urea, but 
unlike its methyl derivative, creatine, it does 
not occur naturally. 

Glycogen, (C,H lt O,) a . is the reserve carbo¬ 
hydrate of the animal cell. It is composed 
of a-glucopyranose units joined together in 
the same manner as similar units in starch 
by 1-4-glucosidic linkages. Rabbit-liver 
glycogen is stated by Haworth to have an 
average length of 18 units, fish liver of 12 
units, but Staudinger makes the molecules 
much larger, and considers the above to be 
only side chains detached from a degraded 
glycogen. It is a white amorphous powder 
with no reducing properties, gives a violet 
to brown iodine coloration, has [<xJ D + 196°. 
Natural glycogen is a phosphoric ester. 

Glycogenesis. The formation of glycogen 
from sugar in body tissues. 

Glycogenolysis. The destruction of glyco¬ 
gen in animal tissues. 

Glycollic acid, CH,OH • COOH, forms 
colourless crystals which liquefy in presence 
of moisture. M.P. 80°. Soluble in water 
and acetone. Occurs in the juice of the 
sugar cane and beets. Prepared by boiling 
a concentrated solution of sodium mono- 
chloroacetatc and filtering off the sodium 
chloride. Also produced by electrolytic 
reduction of oxalic acid. Forms an an¬ 
hydride when heated at 100 *. 

Glycols, Dihydric alcohols, are compounds 
derived from aliphatic hydrocarbons by 


replacement of two hydrogen atoms by 
hydroxyl (—OH) groups. They arc colour¬ 
less liquids, miscible with water and 
alcohol. Obtained by oxidation of olefines 
with potassium permanganate or lead 
tctracctate; by heating olefine chloro- 
hydrins with weak alkalis or by heating 
paraffin dihalides with sodium hydroxide. 

Glycolysis. The breakdown of sugar in 
body tissues. 

Glycoproteins. Sec Glucoproteins. 

Glycosuria. The excretion of sugar in the 
urine. 

Glycylglycine, C 4 H,0,N„ 

H,N • CH, • CO • NH • CH, • COOH. 

Crystallizes in leaflets, decomposing at 
200 ’- 202 °, soluble in hot water, sparingly 
soluble in alcohol. The simplest of the 
dipeptides, it is formed by the action of 
glycyl chloride on glycine or by hydrolysing 
diketopiperazine with hydrochloric ncid. 

Glyoxal crystallizes in yellow- 
prisms; its vapour is green and { :II ° 
bums with a violet flame. L)*» 114, 

M.P. 15% B.P. 51% Soluble in U ' 

water and organic solvents. Prepared by 
oxidation of acetaldehyde or ethylene by 
selenium dioxide. Readily polymerizes on 
standing or in presenee of moist- 
ure ; the aqueous solution contains yf* 
the monomolecular form and reacts /l\ 
as a weak acid. 2 y 

Glyoxaline (Iminazole) ring. ^ 
The ring numbered as shown. 

Glyoxylic acid forms a thick syrup, rather 
difficult to crystallize. M.P. 08% 
very soluble in water, sparingly ~ HO 
soluble in alcohol. Widely dis- COOH 
tributed in plant and animal 
tissues. Prepared by electrolytic reduction 
of oxalic acid. Forms salts of the type 
(HO),CHCOOM. Also reacts as an alde¬ 
hyde. Condenses with urea to give allan- 
toin. Reduced to glycollic acid. Gives a 
blue colour with sulphuric acid. 

Glyptals. Sec Alkvd Resins. 

Gmelin, Leopold (1788-1853). Son of 
Johann Friedrich Gmelin, the author of the 
“ Geschichte der Chcmie,” Leopold studied 
medicine and chemistry at Gottingen, 
Tubingen, and Vienna. In 1817 he was 
appointed professor of chemistry and medi¬ 
cine at Heidelberg. With Kraut, he pub¬ 
lished the “ Handbuch der anorganische 
Chemie.” His most notable practical 
achievement was the discovery of potassium 
ferricyanide. 

Goessmann, Charles Anthony (1827-1910). 
Bom at Naumburg and educated at Got¬ 
tingen, Goessmann went to America in 1857. 
After being Scientific Director of the sugar 
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^fineries of Eastwick Bros., Philadelphia, 
and chemist of the Onondaga Salt Co he 
became professor of chemistry at the 
Massachusetts Agricultural College. He 
founded the Association of Official Agri¬ 
cultural Chemists and was President of the 
American Chemical Society in 1887. 

Gold Au. At. wt. 197-2, At. no. 79. 
M P 1063°, B.P. 2610°, D = 19-43. Gold, 
bv reason of its occurrence in the free state, 
and of its marked colour and brilliance, was 
probably one of the first metals known to 
man. It usually occurs native, alloyed with 
silver and sometimes traces of copper and 
platinum. The richest gold fields are in 
Africa, the Transvaal Rand, and in 
Australia. In North America the fields 
extend from Mexico to Klondike. 

Native gold occurs cither in the rock as 
nuggets or as grains in the alluvial sand. 
From the auriferous gravel the gold is 
obtained by washing and amalgamation 
with mercury on copper plates. The 
tailings from stamp-mills, poor quality au¬ 
riferous quart/, and finely divided ores are 
treated by the cyanide process. The gold 
dissolves in potassium cyanide in the 
presence of oxygen, the potassium auro- 
cyanidc being later reduced by zinc, and 
the gold cupelled. o . . ,, 

The gold bullion is refined, und small 
quantities of silver or copper arc removed 
by chlorine or by oxidation. For alloys of 
silver and gold the quartation method is 
employed. 

Considerable quantities of gold are ob¬ 
tained, in the form of “ Dort bullion” 
(74-5% Ag, 0-5% Cu, 25% Au), by 
refining the anode slime from the electro¬ 
lytic purification of copper. The gold 
from this can be obtained by electrolytic 
removal of the silver and copper and purified 
cither clcctrolytically or by cupcllation. 

Gold is a bright yellow metal, which 
crystallizes in the regular system. The 
structure is facc-ccntred cubic, a — 4 07 a. 
It is a good conductor of heat and electricity. 
It is the most ductile metal, and may be 
beaten into leaves 0 00009 mm. thick. The 
ordinary leaf is 0-0001 mm. thick. At 
ordinary temperatures gold leaf transmits 
green light, and at 316° it transmits red 
light. At 550° the metal crystallizes and 
minute gaps are formed, which make it 
appear transparent. 

Gold is not attacked by oxygen, or by 
any single acid except selenic. It is soluble 
in solutions of chlorine, bromine, or iodine, 
and therefore in aqua regia. 

Gold chlorides, Aurous chloride, AuCl. 
Aurous chloride is obtained either by 
passing chlorine over gold at 173°, or by 


heating auric chloride to the same tem¬ 
perature. Between chlorine and gold there 
exists a heterogeneous equilibrium, depen¬ 
dent on the pressure of chlorine and on the 
temperature. The chloride is decomposed 
by water with the formation of auric 
chloride and free gold. 

Gold trichloride. Auric chloride, AuClj. 
Gold dissolves in aqua regia to form a 
bright yellow solution, which on evapora¬ 
tion deposits deliquescent yellow crystals 
of chlorauric acid, IIAuCl«, 4H z O. On 
heating to 120 ° these lose hydrochloric 
acid to form auric chloride, AuC 1 3 . At 
175° auric chloride decomposes, giving 
aurous chloride and chlorine ; at still higher 
temperatures decomposition into gold and 
chlorine occurs. Chlorauric acid reacts with 
potassium chloride to give potassium 
chloraurate, 2KAuCl«, H,0. 

Gold, colloidal. This is obtained by 
reducing gold chloride solutions with hydra¬ 
zine, formaldehyde, etc. The solutions 
have different colours depending on particle 
size, passing from blue to red, and finally to 
yellow as the size is diminished. X-ray ex¬ 
amination shows that colloidal gold particles 
arc crystalline. The precipitate obtained 
by adding a mixture of stannous and stannic 
chlorides to gold chloride solution, known 
as the purple of Cassius, is a colloidal form 
of tin oxide with adsorbed colloidal gold. 
This is used in the manufacture of a fine 
ruby glass. 

Gold compounds. The compounds of 
gold arc all easily converted to the metal. 
Two series of salts arc known, the auric 
compounds, ion Au***, and aurous com¬ 
pounds, ion Au*. Auric hydroxide acts 
both as a weak base and as a weak acid, 
giving rise to compounds such as potassium 
auratc, KAuOj, 3H.O. 

Gold cyanide. On treating auric chloride 
solution with ammonia, an olive-green, 
explosive powder of variable composition 
is formed. This is known os fulminating 
gold. It has the possible structure 2AuNH, 
NH„ 3H t O. Fulminating gold is soluble in 
hot potassium cyanide solution, potassium 
aurocyanidc, KAu(CN),, being formed. 
Treatment with hydrochloric acid gives 
aurous cyanide, AuCN. Potassium auri- 
cyanidc, KAu(CN)«, used in electrogilding, 
is formed on mixing hot solutions of auric 
chloride and potassium cyanide. 

Gold hydroxide. Auric hydroxide, Au(OH) 3 . 
By heating an auric chloride solution with 
magnesia a precipitate of auric hydroxide is 
obtained. It is also formed by anodic 
oxidation of a solution of gold in sulphuric 
acid. The colour varies between brown 
and olive-green, depending on the conditions 
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of preparation. At 100° it loses water to 
form Au • O • OH, and at 140° the oxide 
Au a O, is obtained. The oxide readily 
decomposes on heating into gold and 
oxygen. The hydroxide and oxide are 
soluble in the halogen acids with the forma¬ 
tion of the corresponding auric salt. 

Gold number. In order to compare the 
efficiencies of different protective colloids, 
Zsigmondy proposed to use the colour change 
of a gold sol from red to blue on coagulation 
by electrolytes. The conditions were de¬ 
fined thus : the gold number of a protective 
colloid is that quantity (in mg.) which, 
when added to 10 c.c. of a red gold sol con¬ 
taining 0 05-0 06 g. per litre, just prevented 
the colour change on the addition of 1 c.c. 
of 10 % sodium chloride solution. The 
smaller the gold number, the more efficient 
is the protective colloid. The gold numbers 
of a few common colloids arc given below : 


Gelatine and glue 

. 0 005-001 

Sodium caseinate 

. 001 

Hemoglobin 

. 003-007 

Silica sol . 

. CO 

Albumin 

. 0 1-02 

Sodium oleate . 

. 04-10 

Starch 

. ea. 25 


Gold-organic compounds were first dis¬ 
covered in 1907, and their chemistry has 
been considerably amplified by C. S. 
Gibson since. Auric bromide, AuBr„ on 
treatment with ethylmagncsium bromide, 
gives dicthylgold bromide, 



C,H, 

C*H, 


which gives 



ethyldibromogold, when treated with 
bromine. Related compounds are formed 
with other alkyl magnesium halides, and 
various alkyl-gold cyanides, ethylenediamine 
complexes, etc., have been prepared. 

Gold, standard. Pure gold is too soft for 
use as ornaments or for coinage, and is 
alloyed with copper or silver, or both. The 
fineness is expressed either in parts per 
thousand, or in carats. Pure gold is 24 
carat fine, and the five standard alloys of 
22. 18, 15, 12 and 9, i.c. parts of gold in 
24 of alloy, are legalized. English gold coin 
has a fineness of 916-67, or 22 carat. 
German, Italian, and American coinage 
have a fineness of 900, i.e. 21-6 carat. 
The presence of small quantities of bismuth 
or lead renders the metal brittle. 


Gomberg, Moses (1866-1947). Bom at 
Elizabetgrad, Russia, Gomberg went to 
the United States about 1885. He studied 
at the Universities of Michigan, Munich, 
and Heidelberg. In 1904 he became 
professor and in 1927 chairman of the 
Department of Chemistry of the University 
of Michigan. The discoverer of trivalcnt 
carbon, Gomberg published numerous 
papers, chiefly on triphenylmcthyl and its 
derivatives. He was awarded the Nichols 
(1914), the Willard Gibbs (1925), and the 
Chandler Medals (1927), and was President 
of the American Chemical Society in 1931. 
See J. Amer. Chem. Soc., 1947, 09, 2921. 

Graebe, Carl (1841-1927), was professor 
of chemistry in Geneva. With Liebermann 
he synthesized alizarin from anthraquinone 
in 1869. 

Graham, Thomas (1805-1869). A native 
of Glasgow* and a graduate of Glasgow 
University, Graham devoted his whole life 
to science. In 1830 he was appointed 
professor of chemistry in the Andcrsonian 
University (now the Royal Technical 
College), Glasgow. Elected F.R.S. in 1836, 
he was the following year appointed to 
succeed Turner as professor at University 
College, London. In 1854 Graham became 
Master of the Mint. His main work was 
upon the molecular diffusion of gases ; the 
publication of his “ Elements of Chemistry ” 
in 1841 gained for him a world-wide re¬ 
putation. Sec Life, by Dr. Angus Smith 
(1884). 

Graham’s Law ol Diffusion. This law 
states that the rate (r) of diffusion of a gas 
Is inversely proportional to the square root 

of its density ( d ), i.e. r » kyj±, where k is 

a constant. 

Grainer. A particular type of surface 
crystallizer, widely used in the manufacture 
of salt, in which the crystals are raked to 
one end by a reciprocating mechanism, 
allowed to drain on an inclined table, and 
finally discharged. 

Gram atom. The quantity of an element 
numerically equal to the atomic weight 
expressed in grams. Thus, the atomic 
weight of chlorine is 35-5. One gram atom 
of chlorine weighs 85-5 grams. 

Gram equivalent. The quantity of a 
substance equal numerically to the equiva¬ 
lent weight expressed in grams. Thus, the 
equivalent weight of chlorine is 85-5. One 
gram equivalent of chlorine weighs 35-5 
grams. 

Gramicidin. A substance, insoluble in 
water, soluble in alcohol, produced by the 
soil bacterium, B. brevis, which is highly 
bactericidal in intro and in in do against 
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^m-nositive bacteria. Gramicidin S or 
SSt P gramicidin has been obtained from 
Mother strain of B. brems from Russian 
so il Unlike gramicidin it is equally 
effective against both gram-positive and 
gram-negative baetcria. Both gramicidin 
and gramicidin S have been obtained 
crystalline and shown to be polypeptides. 
Gramicidin S is a cyclic dekapept.de with the 
Structure -a-t-valyl-n-onuthyl-n-leucyl-ii- 
phcnylaiyl-i-propyl-, twice repeated in a 

Cy Graminin, (C.H..O.),, the fruc^u, "f 
rvc fain — 40 "* * 9 remarkable m that the 
methyl derivative is hydrolysed to approxi¬ 
mately equal proportions of tetra-, tn-, and 
di methyl fructose. This indicates that it 
ly be composed of a nucleus of 4 fructose 
units with side chains -10 units in all. 
Alternatively the proportions may be 
0 . 1 : 2 , which corresponds to a large ring. 

Gram molecular volume. The volume 
occupied by the gram molecule of an 
element or compound in the gaseous state. 
By Avogadro’s hypothesis, the gram molec¬ 
ular volume is the same for all substances 
under the same conditions of temperature 
and pressure, and is equal to 22-4 litres at 

N T P. 

Gram molecule. The quantity of a com¬ 
pound, or clement, equal numerically to the 
molecular weight expressed in grams. Thus, 
the molecule of oxygen, O,. has a molecular 
weight of 2 X 16 - 32. One gram mole¬ 
cule of oxygen weighs 32 grams. 

Granulation. Size reduction to obtain a 
product within certain limits of particle 
size. Presents special features in that the 
production of fines must be kept to a 
minimum to avoid undue waste of material 
and consumption of power. 

Grape-sugar. See Glucose. 

Graphite, an allotropic form of carbon, also 
known as plumbago and black lead, which 
occurs in crystalline forms, and more 
commonly in apparently amorphous masses 
of flakes or granules which really consist of 
very minute hexagonal crystals. The unit 
cell contains four carbon atoms and has the 
dimensions a = 2-46, c = 6-80 a. The 
structure consists of parallel sheets, in each 
of which the carbon atoms form a hexa¬ 
gonal net (see accompanying figure). These 
sheets are superposed in such a way that 
only one-half of the atoms in each fall 
vertically above atoms in the sheet below, 
and the cell dimension c is accordingly 
twice the perpendicular distance between 
adjacent layers. Each carbon atom has 
three equidistant neighbours in its own 
layer at a distance of 1-42 a., the distance 
found for C—C in aromatic rings. The 


distance between successive layers of carbon 
atoms is 3-40 a., and the weak forces 
indicated by this large separation account 
for the easy cleavage parallel to the layers. 






Colour steel-grey, streak black ; sp. gr. 2 2. 
One cleavage, parallel to the layers. High 
thermal and electrical conductivity. Occurs 
in Cumberland, Ceylon, United States, 
Czecho slovakia, Italy, Rumania, and else¬ 
where. It is used for making lead pencils, 
electrodes, crucibles, and refractory articles, 
and as a lubricant. See Acheson graphite. 

Graphite bisulphate. Graphite suspended 
in strong sulphuric acid, in presence of 
small amounts of oxidizing agents, swells. 
The product, which is sometimes known as 
blue graphite, can be partly freed from 
sulphuric acid by washing with water, but 
part of the acid is held very tenaciously, 
and possibly the material has HSO«' ions 
inserted between the sheets of carbon 
atoms in the graphite structure. 

Graphite oxide. Treatment of graphite 
with strong oxidizing agents, such as potas¬ 
sium chlorate and nitric acid, produces 
swelling. Both oxygen and hydrogen are 
taken up, and the product, which retains 
the outward crystalline form of the original 
graphite, varies in colour from green to 
brown. The product was formerly believed 
to be an acid, named graphitic acid, as it 
was dissolved (or peptized) by alkalis. It 
was assigned the formula C n H 4 0 4 . The 
modem view of the nature of graphitic 
oxide or graphitic acid is that it is an 
interstitial compound in which the skeleton 
of the graphite remains intact, while oxygen 
is held between the graphite sheets. The 
material also contains water, a fact which 
will account for its earlier formulation as a 
compound containing hydrogen. The dis¬ 
tance between the sheets of carbon atoms 
in graphite is 3-4 a. In graphitic acid it 
varies from 6 to 11 a. 

Graphite-potassium alloys. Graphite is 
wetted by liquid potassium and swells up. 
The metal is loosely held by the graphite, 
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and may be washed out by means of mer¬ 
cury. The X-ray examination of graphite 
treated with potassium shows that the 
potassium atoms have penetrated between 
the sheets of the graphite structure, with 
the result that the carbon atoms in these 
sheets are forced further apart. These 
44 alloys ” are typical interstitial com¬ 
pounds. 

Graphitic acid. Sec Graphite oxide. 

Graphitic carbon. Carbon combined with 
or dissolved in iron or steel. 

Green acids are a part of the product 
of the reaction of sulphuric acid with 
petroleum. They are mixtures of sul- 
phonic acids and form soaps that nre 
used as emulsifiers, wetting agents, and 
for other purposes. Sec “The Science of 
Petroleum,” p. 2840. 

Gregory powder. See Rhubarb. 

Griess, Johann Peter (1820-1888), was 
bom in Germany, and became chemist 
to Allsopp & Sons, at Burton-on-Trcnt. 
He discovered the aromatic diazo com¬ 
pounds in 1858. 

Griffin mill. Sec Centrifugal grinders. 

Grignard, Francois Augnste Victor (1871- 
1085). Born ana educated at Cherbourg, 
Grignard proceeded to the University of 
Lyons, where he proposed to specialize in 
mathematics. Inspired by Bouvcault, he 
turned his attention to organic chemistry. 
With the exception of one year at Bcsnn^on 
(1005), and four years as professor at 
Nancy (1010-14), he spent his entire 
academic life in the University of Lyons. 
His discovery of the organo-magnesium 
compounds gnve to organic chemists the 
44 Grignard reaction.” In 1012 he shared 
with Sabatier the Nobel Prize for Chemistry. 
Sec J. Chem. Soc., 1037, p. 171. 

Grignard reaction. Alkyl and aryl 
halides, particularly bromides and iodides, 
react with magnesium in presence of dry 
ether to form compounds of the type 
R—Mg—Br, where II represents the alkyl 
or aryl radical. These compounds are 
known as Grignard reagents and are ob¬ 
tained as colourless solids by evaporation 
of the ether. They are always associated 
with one or two molecules of ether which 
are probably in some sort of combination 
with the magnesium. These reagents com¬ 
bine with a large number of types of com¬ 
pounds and the reaction is of great impor¬ 
tance in chemical syntheses. It is necessary 
to carry out the reaction with rigid ex¬ 
clusion of water and the reagents are gener¬ 
ally employed in solution in dry ether or 
benzene. They react with alkyl and aryl 
halides to give hydrocarbons. Esters are 
formed when the reagents combine with 


orthofonnic, formic, or chloroforntic esters ; 
carboxylic acids by combination with 
solid carbon dioxide. Aldehydes give 
secondary alcohols, while ketones give 
tertiary alcohols. Amides and nitriles 
give ketones. Water and dilute acids 
react to give hydrocarbons. The immediate 
result of the reaction is often a complex 
mngnesium compound which is decomposed 
by dilute acids to give the final product. 

Grignard reagents. Sec Grignard re¬ 
action. 

Grizzlies. These arc crude and robust 
screens used for the classification of very 
coarse material. They arc built of n scries 
of metal bars evenly spaced and nrranged 
on a slope, across which the feed is passed. 
The direction of the slope, and hence of the 
flow of material, is usually parallel to the 
length of the bars. To prevent choking of 
the interstices the bars arc V shaped in 
section, the broad edges forming the 
screening surface. 

Grotthus chain theory. Grotthus, in 1805, 
explained the passage of an electric current 
through a solution, and the chemical 
changes produced by it in terms of the 
successive decomposition and recombina¬ 
tion of particles of the dissolved substance. 
Thus the molecules of a substance became 
oriented through the attraction of the 
electrodes which then caused a portion of a 
molecule near to them to be split off. The 
remaining portions then attack a neighbour¬ 
ing molecule, and this process proceeds 
throughout a chain of molecules. The 
processes arc illustrated in the figure : 

AB AB AB AB 

A B AB AB A B 
BA BA BA 

Grotthus-Draper Law. This law, estab¬ 
lished by Grotthus on theoretical grounds 
in 1818, and confirmed experimentally by 
Draper in 1839, states that only light which 
is absorbed by a substance is effective in 
inducing a chemical change. It is not true 
to say that all the light absorbed brings 
about a chemical change, for some of it may 
be re-radiated as fluorescence, and some 
may be dissipated in heat. The light need 
not necessarily be absorbed directly by the 
reacting substances, but may be absorbed 
by an inert substance present in the system, 
and transferred to the reactants as thermal 
energy. This process is known as photo¬ 
sensitization (g.v.). 

Grove, Sir William Robert (1811-1890). 
A native of Swansea, Grove made numerous 
investigations on voltaic phenomena and 
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electrolytic decomposition, invented the 
Grove battery, and was the first to demon¬ 
strate the dissociation of water. He was 
a Fellow of the Royal Society and was 
awarded a Royal Medal in 1846. 

Gruner’s classification of coal. This classi¬ 
fication is based on ash-free, sulphur-free, 
dry coals. There are five classes, varying 
from the dry coals of long flame (75 %*80 % 
carbon) to the lean coals, the anthracites of 
00 %-93 % carbon. The method of classi¬ 
fication is based on the ultimate analysis 
with a knowledge of the volatile matter, or 
more particularly the carbon/oxygen ratio. 
See Coal, classification of. 

Guaiacol, C 7 II,O t , crystallizes in prisms. 
M.P. 32°, 13.P. 205°. Sparingly 
soluble in water, soluble in * 

ordinary organic solvents. It is / ^jOH 
a constituent of guaiacum resin, 
and occurs in becchwood tar. 

It is used medicinally in two 
forms: (1) An oily liquid obtained by 
the fractionation of wood-tar creosote, and 
( 2 ) Colourless crystals prepared syntheti¬ 
cally. Guaiacol has a very characteristic 
odour and a burning taste ; its medicinal 
properties arc identical with those of creosote. 

Guaiacol carbonate, the carbonic ester of 
guaiacol, (CH,0 • C 4 II 4 • 0),C0. is a white 
insoluble crystalline powder which is used 
as an intestinal antiseptic in diarrhera and 
typhoid fever. It passes unchanged through 
the stomach, and is hydrolysed liberating 
guaiacol in the intestines. Other guaiacol 
esters, the benzoate, cinnamatc, and vale¬ 
rate arc also administered for similar 
purposes. 

Guaiacum resin is obtained from the 
wood of Guaiacum sanctum and Guaiacum 
officinale, usually known as 44 lignum vit®." 
Guaiacum resin is mildly laxative and 
diuretic, and is chiefly employed for 
rheumatism, lumbago, and gout in the 
form of a confection containing guaiacum 
resin, sulphur, rhubarb, cream of tartar, 
nutmeg, and honey and known under the 
name of “ Chelsea Pensioner.” It is also 
used in the form of a lozenge for chronic 
sore throats. 

Guanase. The enzyme responsible for 
de-aminating guanine to xanthine. 

Guanidine, iminourea, CH 5 N,. 


.NH 

H.N— Cf 

\N II, 


Deliquescent crystals, soluble in water and 
alcohol, volatile, and strongly alkaline. It 
occurs in small quantities in vetch seedlings. 
It can be prepared by oxidizing guanine or 
arginine, by the action of hydrochloric acid 

16 


on biuret, or of ammonia on cyanamidc. 
The most usual method of preparation is 
bv heating ammonium thiocyanate to give 
guanidine thiocyanate and obtaining the 
base from this. It is conveniently esti¬ 
mated as the picratc. Guanidine is a muscle 
poison, affecting the nerve endings. Guani¬ 
dine nitrate and guanidine picratc have 
been suggested as constituents of high 
explosives. 

Guanine, o-Ory- 2 -aminopurme, C 4 H 6 ON 4 . 


HN—CO 
HN 


O-NH 

XX*' 


An amorphous powder, insoluble in water 
and alcohol, soluble in acids and alkalis. 
It is present in all animal and vegetable 
tissues as a constituent of the nucleic acid 
portion of nucleoprotcins. See 44 Nucleic 
Acids,” by Jones, and 44 Nucleic Acids,*’ by 
Levene and Bass. 

Guanosine, Guanine riboside crystallizes 
in needles, M.P. 230°-235°, with decom¬ 
position. Sparingly soluble in water. It 


HN—CO 
HN : d: d—N 

Hi 


II Nch oh oh 

^ N m?h— dn—d H — 


I— 


CII • CH,OH 
J 


is a nucleoside consisting of one molecule of 
guanine combined with one molecule of the 
pentose D-ribose, and forming part of the 
structure of plant nucleic acid. 

Guanylic acid, Guanosine-phosphoric acid. 
A nucleotide, consisting of a molecule of 
guanine, connected through D-ribose to 
phosphoric acid. 

/OH 

OH O-P=0 

/ \OH 

C 4 H 4 N 4 0—CH • £H • CH • CH. 

I-O- 1 CIIjOH 


It crystallizes in needles with two mole¬ 
cules of water, M.P. 208°, with decomposi¬ 
tion, [a]J>° — 7-5°. It is a constituent of 
plant nucleic acid, and is found as the free 
nucleotide in animal glandular tissue. 

Guararine. See Caffeine. 

Guaza. See Indian hemp. 

Guldberg, Cato Maximilian (1836-1902). 
Guldbcrg was appointed professor of applied 
mathematics in the university of his native 
town of Christiania (Oslo) in 1869. He was 
associated with his brother-in-law, Peter 
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Waage, in the enunciation of the ** I.aw 
of Mass Action.” 

Gulland, John Masson (1898-1947). 
Gulland was born at Edinburgh and edu¬ 
cated at Edinburgh University, subse¬ 
quently doing research work at St. Andrews 
and Manchester. In 1924 he became a 
demonstrator in chemistry at Oxford, 
and in 1931 was appointed Senior Assistant 
in Biochemistry at the Lister Institute 
of Preventive Medicine and Reader in 
Biochemistry in the University of London. 
In 1930 he went to Nottingham as Sir 
Jesse Boot Professor of Chemistry. Gulland 
published numerous papers of a biochemical 
nature. He was killed in a railway accident 
in 1947. 

Gulose. See Hexosc. 

Gum inhibitors. Substances added to 
gasoline or kerosene to prevent the forma¬ 
tion of gum during storage. 

Gums are mixed polysaccharides of con¬ 
siderable complexity, their constituents in¬ 
cluding the four hexose sugars, two pen¬ 
toses—arabinosc und xylose—two methyl 
pentoses—rhamnose and fucosc—and two 
uronic acids. Both pyranose and furanose 
ring structures may be present, and the 
units arc joined together in a variety of 
ways. For instance, gum-arabic consists 
of glucuronic acid joined to carbon six of 
galactose; damson gum has as its main 
chain glucuronic acid joined to mannose 
terminated by two galactose residues; 
arabinose units are attached as side chains. 
Wood gum has a main chain of xylopyranosc 
units with a terminal arabinofuranose unit. 

Gunmetal. A bronze of the following 
composition : 88 % Cu, 8 % to 8-5 % Sn, 
3-5 % Zn ; small amounts of nickel up to 
0-5 % arc sometimes used. Ava riety of 
gunmetal known as red brass contains 
some 0 % Pb. 

Gunpowder was probably known to the 
Chinese about a.d. 1150: its introduction 
into Europe is often, but probably in¬ 
correctly, credited to Roger Bacon (1214- 
1294?). Ordinary black gunpowder con¬ 
sists of an intimate mixture of potassium 
nitrate (75 %), charcoal (12-5-15 %), and 
sulphur (12-5-10 %) ; it has been used as 
a propellant explosive in guns and for 
blasting powders, but has been largely 
superseded by more modem explosives. 
The combustion products of gunpowder 
are carbon dioxide, carbon monoxide, 
nitrogen, potassium carbonate, potassium 
sulphate, and potassium sulphide. 

Gutta-percha. This rubber-like material 
is obtained from various species of tree 
belonging to the natural order Sapotaceat 
and growing in Malaya, Borneo, Sumatra, 


and adjacent islands. It was previously 
obtained as a latex by felling the trees and 
stripping the bark, but is now obtained 
directly in the solid form by extracting the 
leaves. The tree Palaquium obloigijoliutri 
is grown in plantations. Gutta-percha 
softens on heating to ubout 48 <, -55° C., the 
softening temperature depending on the 
resin content. The gutta-percha hydro¬ 
carbon is isomeric with the rubber hydro¬ 
carbon (sec Caoutchouc), but appears to 
have a different spatial configuration. 
Gutta-percha is used chiefly for the manu¬ 
facture of golf balls and in electrical insula¬ 
tion, particularly for submarine cables. 
The gutta-percha hydrocarbon will com¬ 
bine with sulphur, but no marked change 
in properties occurs as in rubber vulcaniza¬ 
tion. 

Guttmann balls. Hollow pottery spheres 
the surfaces of which arc pierced with holes. 
At one time very much favoured as a 
packing material in scrubbers, but replaced 
by Raschig or Lessing rings and similar 
types of packing. 

Guttmann cells. A type of ceramic 
packing sometimes used in scrubbers, in 
form somewhat similar to a honeycomb. 

Gutzeit’s test. A test for the presence 
of arsenic. The substance suspected of 
containing arsenic is suitably dissolved, 
and is then treated with zinc and dilute 
acid, which leads to formation of arsine, 
AsH„ by a process of reduction. The 
presence of arsine is detected by passing 
the gas evolved from the zinc and acid 
over a paper moistened with mercuric 
chloride solution. A yellow colour, due 
to the compound AsH(HgCI),, is first 
formed. This is transformed successively 
into brown As(HgCl), and to black As t Hg,. 
The yellow or brown stain is compared 
with standards. Hydrogen sulphide must 
first be removed from the gas stream by 
means of lead acetate. 

Guyton de Morveau, Louis Bernard (1737- 
1816). Guyton dc Morveau was Avocat- 
G^ndral in the Parliament of his native 
efty of Dijon. Becoming interested in 
chemistry he made a systematic study of 
the subject and commenced to deliver 
lectures on it at Dijon in 177G. He went 
later to Paris as a member of the Con¬ 
stituent Assembly set up by the Revolution 
and assisted in the foundation of the Ecole 
Polytechnique in 1794. He subsequently 
became professor of chemistry and director 
of this institution. His chief service to 
chemistry lies in his efforts to introduce a 
logical system of nomenclature. 

Gypsum or Selenite, CaS0 4 , 2H,0, occurs 
in monoclinic crystals with four molecules 
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in the unit cell: a = 5-67 a., b = 1515 a 
c = 6-51 a., fi - 118° 23'. The unit 
structure is a lattice layer m which two 
sheets of SO/ groups arc bound by Ca 
atoms to form a strong double sheet. Suc¬ 
cessive double sheets are separated by sheets 
of water-molecules. Each Ca atom is sur¬ 
rounded by six O atoms belonging to SO. 
groups and by two water-molecules. Each 
water-molecule links a Ca atom to an O 
atom in the same sheet and also to one in 
the next sheet; the latter bonds arc weak 
and explain the ready, perfect cleavage. 
The concentration of the water of crystalliza¬ 
tion in sheets parallel to ( 010 ) is interesting. 
Twinning is common. Sp. gr. = 2-3, hard¬ 
ness -= 2, refractive index 1-53. A poor 
conductor of electricity. Occurs in North¬ 
umberland, Cumberland. Nottinghamshire, 


Staffordshire, Derbyshire, and elsewhere 
chiefly in the Bunter beds and Keupcr 
marls. 

Used as a source of plaster of pans, as a 
flux, and to control the rate of setting of 
hydraulic cements. 

Gyratory crusher. In this crusher a 
tapered grinding head is mounted on a 
robust vertical shaft which is rotated by an 
eccentric bush keyed to the lower end. 
The other grinding surface takes the form 
of an inverted truncated cone surrounding 
the grinding head and, when the latter is 
at rest, leaving an annular space between 
the two. Owing to the use of the eccentric 
bush the grinding head wobbles in addition 
to rotating; material fed into the space 
between it and the cone is therefore sub¬ 
mitted to a crushing action. 


Haber, Fritz (1808-1034). Born at 
Breslau Haber was educated at Berlin, 
Heidelberg, Charlottenburg, and Karlsruhe. 
He became professor of chemistry at the 
Technical High School, Karlsruhe, but in 
1011 was appointed professor of physical 
chemistry and director of the Kaiser 
Wilhelm Institute, Berlin. He made a 
study of the thermodynamics of gaseous 
reactions and invented the process for the 
synthesis of ammonia from nitrogen and 
hydrogen. Haber was awarded the Nobel 
Prize for Chemistry in 1018. 

Hadfleld, Sir Robert Abbott (1858-1040). 
Chairman and managing director of 
Hadflclds, Limited, and of the Sheffield Gas 
Company, Hadfleld made many important 
contributions to metallurgy, particularly 
manganese steel, silicon steel, and special 
alloy steels. He was the author of numer¬ 
ous books. He was knighted in 1008, 
elected F.R.S. in 1000 and created a 
baronet in 1017. See J. Chem. Soc., 
1041, 55. 

Hsem, Cj.Hj.O.N.Fe, The non-protein 
portion of the haemoglobin molecule. Its 
structural formula resembles hcemin with¬ 
out the chlorine atom ; the iron is therefore 
in the ferrous state. It is obtained by the 
action of sodium hydrosulphite on hcematin, 
and is reoxidized to h®matin on exposure 
to air. 

Hrematin, C,.H„0,N.Fe. H*matin re¬ 
sembles hcem, but the iron is in the ferric 
state ; it thus bears the same relationship to 
met/uemoglobin as haem does to htemoglobin. 

It is formed by oxidizing hcemin, and has 
a similar structural formula, with an OH 
group replacing the chlorine atom. It 
forms blue-black crystals decomposing 


without melting at 200°, insoluble in water, 
alcohol and ether. 

Hmmatite, Fe.O,. This important ore of 
iron is a blood-red colour in massive for¬ 
mation but forms also black crystals known 
as specular iron. It crystallizes in the 
rhombohcdral system, a — 7-30 a., a — 85° 
43', hardness 6, sp. gr. 5-2. A typical 
crystal is a combination of r(100), n(311), 
and u(2ll). 

Red ochre or reddle is a mixture of 
hematite, clay, and sometimes other 
impurities. 

Haematite and corundum are isomor- 
phous; they are very nearly isomorphous 
with ilmcnitc, a mixture of Fe t O, and 
Ti,0, sometimes containing a good deal 
of FeO. 

Hiematoidin. A substance that some¬ 
times occurs in crystalline form in bruises 
and other blood exudates. It is identical 
with bilirubin. See Bile pigments. 

Hsematoporphyrin. See Porphyrins. 

Hematoxylin, C„H 14 0 # . Crystallizes in 
yellow prisms with 
three molecules of 
water, M.P. 100°- 
120 °. Sparingly sol¬ 
uble in water, soluble 
in alcohol and ether, 
also in alkalis giving 
a purple solution. It 
is used as a bio¬ 
logical stain and can 
be used as an in¬ 
dicator. It is one 
of the constituents of the dye logwood. 

Hsemerythrin. A red iron-containing res¬ 
piratory pigment found in the plasma and 
corpuscles of certain annelid worms. 
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It is tlic chloride of ham, and is readily 
obtained from blood by drying and extract¬ 
ing with glacial acetic acid and a chloride. 
It crystallizes in bluish-black microscopic 
rhombohedra (Tcichman’s crystals), insol¬ 
uble in water, alcohol, and ether, soluble in 
acetic acid. Its isolation serves as a test 
for blood stains. Hacmin exhibits reson¬ 
ance, the double bonds in the formula given 
arc therefore in purely arbitrary positions. 
The positions of the atoms agree with those 
given by X-ray analysis. 

Htcmochromogens. Compounds of ham 
with denatured proteins,, amino-acids, am¬ 
ines, ammonia, pyridine, and other nitro¬ 
genous substances. They all have very 
similar absorption spectra, and give para- 
hamalins on exposure to atmospheric 
oxygen. The most familiar hjemochromo- 
gen is the compound of hrcm with denatured 
globin, derived from hamoglobin by treat¬ 
ment with alkali and sodium hydrosulphite. 

Hxemocyanin. A copper-containing res¬ 
piratory pigment found in certain crus¬ 
taceans and molluscs, and obtained crystal¬ 
line fairly easily. Like h.xmoglobin, it 
combines loosely with oxygen ; oxyhxmo- 
cyanin is blue and the reduced form is 
colourless. Haimocyanin is not a porphyrin 
derivative, but is probably a copper protein- 
ate. Hrcmocyanins from different species 
differ in their isoelectric points, dissociation 
curves, molecular weights, and other pro¬ 
perties. Their molecular weights arc in¬ 
variably very high, and range from about 
422.000 to about 0,760,000. 

Haemoglobin. Haemoglobin is the respira¬ 
tory pigment of the blood of vertebrates. 
It is also found in some invertebrates, and 
in the muscles of mammals and birds. It 
is a conjugated protein consisting of the 
iron-porphyrin compound ham, combined 
with the basic protein globin. It has been 
obtained in a crystalline state, and its 


molecular weight, as determined by several 
methods, is about 68,000. It is believed to 
be built of four hamochromogen units, each 
containing one molecule of ham and one 
molecule of globin. It is soluble in water, 
insoluble in alcohol and ether, and dena¬ 
tured and coagulated by heating. Htemo- 
globins from different animals have different 
crystallographic forms, absorption spectra, 
and dissociation curves. The difference lies 
in the globin portion of the molecule. The 
most characteristic and important property 
of hemoglobin is its ability to combine 
loosely with oxygen to form oxyhemo¬ 
globin, which readily loses oxygen again on 
exposure to a vacuum or an atmosphere 
devoid of oxygen. Hemoglobin combines 
with oxygen in the lungs, and carries it in 
the arteries to the tissues, where the 
oxygen pressure is low, and where it is 
reduced, returning to the lungs via the 
veins. Oxyhemoglobin is scarlet in colour, 
and has two absorption bands in the green 
portion of the spectrum ; reduced haemo¬ 
globin is of a purplish colour, and has a 
single absorption band, also in the green 
portion of the spectrum. Haemoglobin also 
combines very cosily with carbon monoxide, 
forming carboryhamoglobin. Haemoglobin 
also plays o part in rcgulnting the acidity 
of blood and in the carriage of carbon 
dioxide; and muscle haemoglobin acts as a 
respiratory catalyst. For detailed informa¬ 
tion, sec 14 The Respiratory Function of 
the Blood. Part II: Haemoglobin," by 
Barcroft, and Pryde’s “ Recent Advances in 
Biochemistry." 

Haemolysis. Hamolysis, or the taking of 
blood, is the name given to the bursting 
of the red blood corpuscles. This can be 
caused by lowering the osmotic pressure of 
the solution surrounding them, by repeatedly 
freezing and thawing the blood, and by 
heating to 60°. The corpuscle membranes 
can also be destroyed by many reagents 
which attack them chemically, including 
acids, alkalis, soaps, saponins, the bile salts, 
ether, chloroform, and certain snake venoms 
and pathogenic bacteria, for example the 
tetanus bacillus. 

H afnium , Hf. At. no. 72, At. Wt. 178-6. 
Hafnium was first characterized in 1923 
by Coster and von Hevesy by means of its 
X-ray spectrum. Lines of the new element 
were detected in the X-ray examination of 
zirconium minerals and of supposedly 
pure zirconium compounds. It is invariably 
found associated with zirconium, from which 
it is separated by first isolating the zir¬ 
conium-hafnium mixture from the mineral. 
The double fluorides K,ZrF e and K t HfF* 
are then formed, and may be separated 
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by fractional crystallization from aqueous 
solution. The hafnium compound is the 
more soluble. Alternatively, a process of 
fractional precipitation of the phosphates 
is employed. The precipitate is richer in 
hafnium than the solution. Hafnium and 
zirconium and their respective compounds 
are remarkably similar in their chemical 
properties. 

Metallic hafnium has been prepared by 
decomposing K t HfF c or HfCI, by heating 
with sodium. Alternatively, the vapour 
of Hfl 4 may be decomposed in contact with 
a tungsten filament heated to 1300°. The 
M.P. of the metal is 2220°. Its density 
varies from 121 to 13-3. It crystallizes 
with the close-packed hexagonal structure, 
a = 3 20, C - 5 07 a. The metal is ductile. 
It is protected from oxidation at room 
temperature by a superficial coating of 
oxide, but burns in oxygen at liigh tem¬ 
perature. It absorbs hydrogen when heated 
in the gas, and will also combine when 
heated with the halogens and with nitrogen. 
It has found a limited application in the 
manufacture of tungsten filaments, in which 
it prevents rccrystallization of the tung¬ 
sten. 

Hafnium oxide (Hafnia), HfO,. Hafnium 
oxide is prepared by ignition of hafnium 
hydroxide, sulphate, or oxalate. It is 
a white refractory solid (M.P. circa 2800°), 
which exists in a monoclinic form of density 
008 and in a quadratic form of density 10 47. 
The oxide is closely similar to zirconium 
dioxide in its chemical behaviour, but 
is somewhat more basic. It dissolves in 
fused alkalis forming hafniates, in which 
the function of the hafnium is acidic. It 
is also the parent substance of the salts of 
tetravalent hafnium. 

Hafnium phosphates. The acid ortho¬ 
phosphate, Hf(HP0 4 )„ the pyrophosphate, 
HfP,0 T , the hafnyl orthophosphate, 
HfO(H,P0 4 ) t , and the hafnyl metaphos- 
phatc, HfO(PO,)„ arc known. The chief 
interest of these compounds lies in the fact 
that hafnium orthophosphate is less soluble 
in strong acids than is the corresponding 
zirconium compound. This forms the basis 
of one method of separating the two 
elements. The ignited pyrophosphate is 
insoluble in sulphuric or phosphoric acid, 
but will dissolve in hydrofluoric acid. 
It may also be brought into solution by 
fusion with sodium carbonate. 

Hair hygrometer. A device for the deter¬ 
mination of humidity by measurement of 
the change ii) dimensions of a hygroscopic 
substance such as hair. 

Haldane gas-analysis apparatus. Used for 
the analysis of air or mine gases in which 


there are small quantities of methane and 
carbon monoxide requiring accurate an¬ 
alysis. The gas is passed into a burette by 
means of a mercury levelling tube and passed 
through the different absorption pipettes. 
Alongside the burette is another tube 
identical in shape which by virtue of its 
position in the apparatus compensates for 
any atmospheric changes in temperature 
or pressure which may take place while 
analysis is proceeding. Both tubes are 
immersed in water. 

Combustions are carried out by burning 
the gas and admixed oxygen or air in a 
chamber in which a platinum coil is glow¬ 
ing brightly. Measurements of changes in 
volume and amounts of combustion pro¬ 
ducts are determined. 

Haldane, John Burdon Sanderson (1892- 
). Haldane was educated at Eton 
and New College, Oxford. He was 
appointed reader in biochemistry, Cam¬ 
bridge University (1922), Fullerian professor 
of physiology, Royal Institution (1930), 
and professor of genetics. University 
College, London (1933). Author of many 
original papers on physiology and bio¬ 
chemistry, he was elected F.U.S. in 1932. 

Hales, Stephen, was bom in 1077, 
and became a curate at Tcddington. In 
his “ Statistical Essays" he recorded 
experiments from which it is clear that he 
had prepared hydrogen, carbonic acid, 
carbon monoxide, sulphur dioxide, and 
marsh gas, without having any clear idea 
of their nature or composition. He died in 
1761. 

Hall-value period. The time taken for 
the concentration of a substance to fall to 
one half of its initial value. For radio¬ 
active elements, the half-value period - 
0 69 x life-period. 

Halibut-liver oil is obtained from the 
liver of the halibut, Hippoglossus hippo - 
glossus. It contains about 100 times as 
much vitamin A as docs cod-liver oil, and 
is therefore of considerable value in the 
treatment of vitamin A deficiency diseases, 
inasmuch as a medicinal dose of the vitamin 
can be administered in a small capsule 
instead of a relatively large volume of an 
oil which to many palates is very nauseous. 

Halide. A generic name for fluorides, 
chlorides, bromides, and iodides. 

HaU, Charles Martin (1803-1914). Born 
at Thompson, U.S.A., Hall graduated at 
Obcrlin College. His attention was early 
attracted to the metal aluminium and the 
desirability of its cheap production. His 
researches led to the development of a 
practical electrolytic process for the iso¬ 
lation of the metal from its naturally 
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occurring compounds. lie thus made pos¬ 
sible the extensive uses of aluminium to-day. 
Hallochrome, C,II t O,N. 


CII 

o(^\ -CII, 

oi i in —cooh 

YhYh 


A red pigment found in the skin of the 
annelid worm, halla, which probably acts 
as a respiratory catalyst. It is also obtained 
from tyrosine by the action of the enzyme 
tyrosinase. 

Halloysite. A day-mineral with the for¬ 
mula Al 4 Si 4 0„H, c , which occurs as a white, 
or slightly creamy, apparently amorphous 
and rather soapy matcriul. Sp. gr. about 
2-1, hardness 1-2, refractive index 1-53. 
In ICuropc it occurs in veins and small 
masses, but in Georgia and Missouri (U.S.A.) 
large masses occur. 

Halloysite is regarded as the type- 
mineral of one of the two chief groups of 
clay minerals; this group includes kao- 
linitc, dickitc, nacrite, anauxite, leverrierite, 
and mcta-halloysitc, and, probably, numer¬ 
ous other minor minerals. 

Halogen. The non-metallic elements of 
Group VII of the periodic table, fluorine, 
chlorine, bromine, and iodine, arc called 
halogens. 

Halogenated rubbers. Rubber reacts with 

halogens and with hydrogen halides, giving, 
according to the conditions of the reaction, 
compounds which arc formed by addition, 
substitution, or the two processes simul¬ 
taneously. The halogen compounds in 
general swell or dissolve in benzene and its 
homologues, chloroform, carbon tetra¬ 
chloride, and some other chlorinated sol¬ 
vents, but arc insoluble in alcohol and 
petrol. The technical importance of the 
fluorine, bromine, and iodine compounds 
is limited by their instability as compared 
with the chlorine compounds. The reaction 
with bromine and with iodine can be used 
for the surface hardening of rubber goods, 
and brominated rubber can be used for 
attaching rubber to metals. See Chlori¬ 
nated rubber and Rubber hydrochloride. 


CH, 

<!:ho 


C,H.OOC • CH 

+ 

CII, • C(OH) 


CH • COOC,H, 
(HO)l • CH, 


NH, 


Hamamelose, C«II„O s , is an aldohcxose 
having a branched chain structure 


CH,(OH) CH(OH) • CH(OH) C(OII)/ 


CII.OII 


^CIIO 


It is obtained from the bark of Hainaincli 
tannin in which each molecule of sugar 
is attached to two of gallic acid ; these 
can be split off by the action of the enzyme 
tannase. 

Hammer mill . This type of mill operates 
by impact rather than by positive pressure. 
It consists essentially of a scries of hammers 
hinged between discs mounted on a central 
horizontal shaft which rotates at a fairly 
high speed. The flailing of these hammers 
pulverizes material fed into the mill and 
the product is discharged through screens 
which form the lower half of the casing. 

Hammick and Illingworth's rules. A 
set of empirical rules governing the course 
of aromatic substitution. If a mono- 
substituted benzene derivative has the 
formula C 6 H,XY, where X is attached 
directly to the nucleus nnd Y is an atom or 
group attached to X, then if 

(а) Y is in a higher group in the Periodic 
Table than X, or 

(б) Y is in the same group as X but of 
lower atomic weight, XY is meta 
directing. But if 

(c) Y is in a lower group than X, or 

( d) X and Y are atoms of the same element, 
or 

(e) XY is just a single atom, XY is ortho 
and para directing. 

Hydrogen must be considered as a 
member of group I : in such cases os 
—CHO the hydrogen must be ignored 
and only the remaining element considered. 

Hantzsch, Arthur (1857-1035), pro¬ 
fessor in Leipzig, paid special attention 
to the stereochemistry of nitrogen com¬ 
pounds, the structure of cyanuric acid, 
the electrical conductivity of organic com¬ 
pounds, and the structure of acids. 

Hantzsch synthesis. The formation of 
pyridine derivatives by the condensation 
of ethyl acetoacetatc with ammonia and 
an aldehyde. Thus ethyl acetoacetate 
and aldehyde-ammonia give ethyl dihydro¬ 
collidine dicarboxylate :— 


CH, 


C,H,OOC • • COOC,H, + 3H,0 

CH, I i • CH, 





Hardy 


Haptens 

This dihydro compound may be oxidized 
to the corresponding pyndme derivative 
by nitrous acid, hydrolysed to the di- 
carboxyUc acid, and converted into collidine 
(2 • 4 : fl-trimethylpyridine) by distillation 
over lime. Acetaldehyde may be replaced 
by most other aldehydes ; thus benzalde- 
hyde gives similarly 2 : 0-dimethyl-4-phenyl- 

P> Haptens. The specificity of many anti¬ 
gens has been shown to be due to substances 
of a polysaccharide nature, called hap¬ 
tens, which accompany the proteins of the 
antigen. Haptens do not produce anti¬ 
bodies if injected into animals, but they 
react with antibodies produced by in¬ 
jection of the specific antigen. The sugars 
and carbohydrate acids produced on hydro¬ 
lysing haptens have in many cases been 
identified. The existence of haptens of a 
lipoid nature has also been claimed. 

Harcourt, Augustus George Vernon (1834- 
1019). After studying chemistry at Balliol 
College, Oxford, Harcourt was, in 1859, 
elected Lee’s reader in chemistry and 
appointed, in 1872, one of the Metropolitan 
Gas referees to report on London gas. He 
introduced the pentane lamp as a standard 
of illuminating power. He was an excellent 
manipulator and an inspiring and lucid 
teacher. Sec J. Chem. Soc., 1920, p. 1620. 

Harden, Sir Arthur (1805-1940). Horn 
at Manchester, Harden studied at Owens 
College and at Erlangen. From 1888 to 
1897 he was lecturer and demonstrator in 
chemistry at Owens College, then going 
to London as chemist to the British In¬ 
stitute of Preventive Medicine, now the 
Lister Institute, where he became head 
of the biochemical department and pro¬ 
fessor of biochemistry in I^ndon Uni¬ 
versity. He retired in 1930. He was 
elected a Fellow of the Royal Society in 
1909, and in 1929 was awarded (jointly 
with v. Euler) the Nobel Prize in Chemistry 
for his work on alcoholic fermentation. See 
J. Chem. Soc., 1943, 334. 

Harden-Young ester, Fructo-furanose di¬ 
phosphate. An ester isolated from yeast 
H H OH OH 


l.OjP O CH,- 




■CH.OPO.H, 


to which inorganic phosphate had been 
added and from fluoride-poisoned muscle, 
the formation of which is one of the first 
steps in the breakdown of carbohydrate in 
yeast fermentation and muscular contrac¬ 
tion. 


Hardinge mill. See Ball mill. 

Hardinge sand fllter-clarifier. A modi¬ 
fication of the Hardinge thickener applicable 
to cases in which a crystal-clear effluent is 
required. The floor of the tank is formed 
by a sand bed supported on a false drainage 
bottom and surrounding a central sludge 
discharge well. Solids collecting on the 
surface of the sand bed nre scraped to the 
discharge point by revolving rakes, clear 
effluent being withdrawn from below the 
filter bed. 

Hardinge spiral thickener. A modifica¬ 
tion of the Hardinge thickener in which the 
rake is in the form of a spiral instead of 
two or more straight arms. On certain 
types of pulp this gives improved con¬ 
solidation of the thickener sludge. 

Hardinge thickener. Sec Mechanical con¬ 
tinuous thickeners. 

Hardness, (a) The resistance of a ma¬ 
terial to pressure applied to a small area, 
i.e. resistance to crushing, abrasion, inden¬ 
tation, or scratching ; these resistances are 
not always the same. The hardness of some 
materials differs greatly in different samples, 
and some crystals show greater hardness in 
some planes than in others, the hardness 
being then usuully lower in the direction of 
cleavage. In some materials the hardness 
increases with the temperature until n 
critical point is reached ; above this con¬ 
tinued heating makes the material softer. 
The manner in which a heated material is 
cooled may greatly increase the hardness, 
e.g. tempered steel. This kind of hardness 
is measured by means of a sclcroscopc or 
by means of a scratching test (Mohs scale). 
(6) The term hardness is often used us 
equivalent to refractoriness; thus a hard 
glaze has a higher melting-point than a soft 
glaze, (c) The hardness of water has 
reference to its behaviour with soap; a 
soft water readily produces a lather, but a 
hard water does not. The hardness is said 
to be temporary when it is “ removed ’’ by 
boiling the water and permanent if the 
water is hard after being boiled. 

Hard paraffin. See Paraffin wax. 

Har d rubber. See Ebonite. 

Hardy, Sir William Bate (18G1-1934). Born 
at Erdington, Hardy was educated at 
Framlingham and Cambridge. He was 
trained as a biologist and for a number of 
years taught histology at Cambridge. His 
greatest work was as Director of Food 
Investigation in the Department of Scientific 
and Industrial Research to which office he 
was appointed during the Great War. 
His investigations were on a large number of 
subjects, including histology, surface actions, 
lubrication, and food preservation. lie was 
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elected F.R.S. in 1902 and knighted in 
1925. 

Hare, Robert (1781-1858). Hare was bom 
at Philadelphia, and from 1818 to 1847 was 
professor of chemistry at the Medical 
School of the University of Pennsylvania. 
He wrote many papers, built the first 
electric furnace, and invented the oxy- 
hydrogen blowpipe. 

Harington, Sir Charles Robert (1897- ). 

Educated at Malvern College and Cambridge 
University, Harington was appointed lec¬ 
turer in pathological chemistry, University 
College, London (1922), reader (1928), 
nnd professor (1931). In addition to many 
papers on chemical and biochemical prob¬ 
lems he was associated with Barger in the 
elucidation of the structure and synthesis of 
thyroxin (1927). He was elected F.R.S. in 
1931. He became Director of the National 
Institute for Medical Research in 1942. 

Harkins, William Draper (1873- ). 

Harkins was born at Titusville, Pennsyl¬ 
vania, and educated at Stanford University. 
After being professor and head of the de¬ 
partment of chemistry at the University of 
Montana he went, in 1912, to the University 
of Chicago, where he became professor of 
physical chemistry in 1917, and Andrew 
MacLcish Distinguished Service Professor 
in 1935. His numerous contributions to 
physical chemistry, particularly those on 
isotopes nnd atomic structure, gained him 
the Willard Gibbs Medal in 1928. On re¬ 
tiring he became consultant to Universal 
Oil Products Co. 

Harmaline, C 14 H l4 ON g . 



An alkaloid occurring with the closely 
related substances harmine and harmalol 
in the seeds of Ptganium harmala. It crys¬ 
tallizes in prisms, M.P. 250°, with decom¬ 
position. Sparingly soluble in water, sol¬ 
uble in alcohol. Optically inactive. It 
causes muscular paralysis. 

Hartley, Sir Walter Noel (1840-1913). 
Hartley was born at Lichfield and pro¬ 
ceeded to Edinburgh University with the 
intention of studying medicine. He de¬ 
cided, however, to devote himself to 
chemistry and went to Germany to work 
with Kolbc. In 1879 he was appointed 
professor of chemistry at the Royal College 
of Science, Dublin. Retiring from this 


post in 1911 he received the honour of 
knighthood. His scientific research was 
almost entirely connected with spectroscopy. 
Sec J. Chem. Soc., 1914, p. 1207. 

Harveyizing. A process for toughening 
armour-plate steel, chrome, nickel chrome, 
and other similar alloy steels. The steel is 
skin-carburized and then heated to a high 
temperature and quenched very rapidly by 
spraying with large quantities of water. 
For an armour-plate steel the composition 
is about 2 % Ni, 1 % Cr, and -3 %-35 % C. 
Carburizing raises the carbon content near 
the surface to about 2-5 % nnd after the final 
water-quenching the depth of the hardened 
surface is from 1-1-5 inches. 

Hashish. Sec Indian hemp. 

Hatchett, Charles(1705 ?-1847). Hatchett, 
an English chemist nnd munufucturcr, 
carried out numerous researches. He dis¬ 
covered the element niobium (columbium) 
in a mineral now known ns columbite. 

Hauy, Rene-Just (1743-1822). Born ut 
St. Just, Oise, Hauy was, in 1802, appointed 
professor of mineralogy at the Museum of 
Natural History. He deduced the funda¬ 
mental laws of crystallography and was 
the first to recognize the relationship be¬ 
tween the emerald nnd beryl. 

Haworth, Sir Walter Norman (1883- ). 

Bom at Chorley, Lancashire, Haworth 
was educated at the Universities of 
Manchester and Gottingen. He was 
appointed reader in chemistry, St. Andrews 
(1912), professor of organic chemistry, 
Armstrong College, University of Durham 
(1920), and professor of chemistry, Bir¬ 
mingham (1925). His researches have been 
chiclly in the field of the tcrpencs nnd the 
carbohydrates. Noteworthy is the syn¬ 
thesis of vitamin C. He was elected F.R.S. 
in 1928, awarded the Davy Medal of the 
Royal Society in 1934, nnd a Nobel 
Prize in 1937. He was President of the 
Chemical Society in 1944-46, and was 
knighted in 1947. 

Hay’s automatic C0 2 recorder. In this 
automatic Orsat an aspirator draws in the 
gas to be analysed and forces it through 
steel wool packing immersed in caustic 
potash and connected to a caustic potash 
reservoir. The variation in level of the 
potash in this reservoir is a direct measure 
of the amount of carbon dioxide in the gas. 
This displacement affects the amount of 
air in the bellows of the recorder and in¬ 
dicates the amount of CO, present. 

Heat of atomization. This is defined as the 
amount of heat required to dissociate 1 gm. 
molecule of an element into its atoms. 

Heat of combustion. The heat of com¬ 
bustion of a substance is defined as the 
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amount of heat evolved when I gm. 
molecule of the substance is burned in 
oxygen at constant volume. 

Heat of crystallization. The heat evolved 
when unit weight of solute crystallizes from 
an infinite quantity of saturated solution. 

Heat of dissociation. This is the amount 
of heat required to dissociate 1 gm. mole¬ 
cule of a compound into its elements, or 
into certain specified smaller molecules. 

Heat of formation. The heat of forma¬ 
tion of a compound is the heat evolved 
when 1 gm. molecule of the compound is 
formed from its elements at constant 
volume. . . „ 

Heat of reaction. This is defined as 
the amount of heat (gram calories) evolved 
(positive sign) when a reaction occurs at 
constant volume between the amounts of 
substance (gram atoms, gram molecules, 
or gram equivalents) indicated in the 
appropriate chemical equation. Thus, the 
equation 

C(tolicl) + °»(g*») “ CO »(***> + 94 - 300 
signifies that 12 gms. of carbon unite with 
32 gms. of oxvgen to form 44 gms. of 
carbon dioxide, with the evolution of 
94 300 calories of heat. The heat of this 
reaction is 04,300 calorics. It is essential 
to indicate the state of the reactants and of 
the products, for additional heat is liberated 
or absorbed in any change of state, c.g. 
solid -+ liquid. 

Heats of reaction are often referred to by 
special names to indicate the nature of the 
reaction, c.g. hcatsof combustion, formation, 
neutralization, dilution, precipitation, or 
atomization. 

Heat tonality. This term, a literal trans¬ 
lation of the German Warmetonung, is used 
to denote the amount of heat associated 
with a chemical reaction, and is usually 
measured in gram calorics (cals, c.) or 
kilogram calorics (kg. cal. or C.). 

Heavy hydrogen. See Deuterium. 

Heavy oil. This fraction is obtained in 
the distillation of coal tar, and is the last 
fraction to be distilled before the pitch 
point is reached. The oil consists mostly 
of aromatic hydrocarbons which distil 
above 280°. 

Heavy water (deuterium oxide), D,0. 
Water contains a small proportion of the 
oxide of deuterium and of the mixed oxide 
HDO. On electrolysis of dilute aqueous 
solutions of acids or alkalis the hydrogen 
is liberated preferentially, the residual 
water ultimately consisting of nearly 
pure D a O. The separation factor, which 
is the ratio of (D/H)liquid/(D/H)gas, de¬ 
pends on the electrodes and on the solu¬ 


tion. When “ heavy ” water is mixed with 
a compound of hydrogen an exchange often 
takes place between atoms of deuterium and 
hydrogen ; consequently heavy water has 
been used to trace chemical actions, 
especially those taking place in the bodies 
of animals. 

Heavy water has been used as a reaction 
absorber, or “ moderator,” in the atomic 
energy process ( q.v .). 

Hechenblickner packing. Hollow pottery 
blocks, the outer and inner surfaces of which 
are ribbed to increase their total area, 
frequently used in absorption towers. 

Hederin, C„H..O„. Tl.c crystalline 
saponins (q.v.) of the ivy are a- and 0- 
hederin which arc accompanied by amor¬ 
phous glycosides; o-hcdcrin is hydrolysed 
to arabinose, rhamnosc, and hederagenin, 

C,,H m O«. 

Hehner value. The Ilehncr value of a 
fat gives the percentage of fatty acids 
insoluble in water obtained on saponi¬ 
fication of the fat. 

Heilbron, Sir Ian Morris (1880- ). 

Born at Glasgow, Ileilbron was educated 
at the High School and Royal Technical 
College there. Later he studied at Leipzig. 
He was appointed lecturer at the Royal 
Technical College (1009), professor of organic 
chemistry there (1010). Heath Harrison 
professor of organic chemistry, Liverpool 
( 1020 ), and professor of organic chemistry 
(1933). Sir William Hall professor of chem¬ 
istry, Manchester (1935), and professor of 
organic chemistry at Imperial College, 
London (1938). His investigations have 
been mainly on the constitution and 
synthesis of naturally occurring organic 
compounds. He was awarded the D.S.O. 
in 1918, elected F.R.S. in 1831. knighted in 
19IG. and elected President of the Chemical 
Society in 1948. 

Helenien, C„H m 0 4 . A pigment occur¬ 
ring in Tagatcs petals. It is an isomer of 
physalien and consists of lutein combined 
with two molecules of palmitic acid. It 
crystallizes in deep red needles, M.P. 92°. 

Helianthates are the salts or salt-like 
compounds of organic bases with the acid 
form of methyl orange. 

Helical agitator. This type of stirrer 
consists of a scries of curved plates fitted 
to a shaft so that they form a helix. The 
whole rotates rapidly inside a drum so that 
it constitutes a form of spiral conveyor, 
transporting liquid from the bottom to the 
top of the vessel and so producing thorough 
and rapid agitation. 

Helicorubin. A bright red respiratory 
catalyst found in the gut of the snail and 
other molluscs. It contains ham, but 
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differs from hemoglobin in its protein con¬ 
stituent. In a slightly acid medium it 
combines loosely with oxygen. 

Helium, lie. At. no. *2, At. wt. 4 003. 
A new spectrum line in the yellow was ob¬ 
served in 1 H 08 by Janssen in the spectrum 
of the solar chromosphere. Frnnkland and 
Lockycr attributed this line to an clement 
not present on the earth, to which they 
gnvc the name helium. In 1804 Ramsay 
isolated a gas from the uranium mineral 
clevcite, which was examined spectro¬ 
scopically by Crookes and was found to give 
the hitherto unidentified yellow line. This 
new gas, helium, occurs in the atmosphere 
to the extent of 0 0005 % by volume. It 
is a direct product of radioactive decay, 
since the a-particle has been identified 
with the helium nucleus which has a positive 
charge equal to twice the electronic charge. 
The main source of helium is natural gas, 
especially that from certain wells in the 
United States, where the concentration is 
greater than 1 %. Helium occurs in 
uneconomic quantities in many springs, and 
in volcanic gases. Its extraction from 
natural gas is enrried out commercially by 
liquefaction of the other constituents of 
the gas (helium has an extremely low boiling- 
point), coupled with the removal of other 
constituents by chemical means. 

Helium is usually considered to be com¬ 
pletely inert chemically and to form no 
compounds, but there is evidence for the 
existence of helium hydrates, and possibly 
tungsten helides. It is a monatomic gas, 
B.P. — 268-8°. Its solubility in water at 
0 ° is approximately 0-01 c.c. per c.c. 
Helium may be identified and estimated 
spectroscopically. The spectrum of an 
electrical discharge through helium at a 
pressure of about 1 mm. shows a number 
of lines in the visible and near ultra-violet 
regions, the strongest of which are at 
AA 3888 0, 5015-6 and 5875-0 a. The dis¬ 
charge has a characteristic yellow ap¬ 
pearance. 

Helmholtz, Hermann Ludwig Ferdinand 
(1821-1894). Born at Potsdam, Helmholtz 
became a surgeon in the army and later 
assistant at the Berlin Anatomical Museum. 
He was appointed professor of physiology 
at Kdnigsbcrg (1849), at Bonn (1855), and at 
Heidelberg (1858). In 1871 he became 
professor of physics at Berlin. His re¬ 
searches covered a wide field including 
studies in fluid motion and thermodynamics. 
He invented the ophthalmoscope. See 
Chem. Soc. Mem. Lcct., 1806. 

Hemiceliuloses are unfortunately named 
as they have no relation to cellulose, being 
composed of hexose and pentose sugars and 


sugar acids of the uronic type. Norman 
has suggested the name amylo-uronidcs. 
They may be divided into a glucose scries 
consisting of glucose, xylose, and glucuronic 
acid and a galactose series made up of 
galactose, arabinose, and gnlacturonic acid. 
The equivalent uronic acid and pentose 
(lyxosc) of mannose arc not found naturally. 
They arc extracted by dilute alkalis, 
hydrolysed by hot dilute acids. Their 
purification is n matter of difficulty, it is 
easier from mature woods than from 
younger tissues. See Norman, “ Bio¬ 
chemistry of Cellulose," etc. 

Hemihedral forms. Those forms in any 
crystal system which show the fid I number 
of faces required by the symmetry of the 
system are called holohcdral forms. When 
only half the number of faces found in the 
holohcdral form are present, the form is 
said to be hemihedral. 

Hempel burette. This is used for gas 
analysis and consists of a burette in which 
the gas is measured at constant atmo¬ 
spheric pressure. The burette is connected 
successively to pipettes containing the 
various absorbing reagents ; these pipettes 
arc of different types according to the nature 
of the containing liquid. 

A refinement of this type is the Sodean 
gas analysis apparatus. 

Henderson, George Gerald (1802-1942). 
Bom at Glasgow, Henderson was cducutcd 
at the Universities of Glasgow- and Leipzig. 
He was appointed professor of chemistry at 
Glasgow Technical College (1892) and at the 
University of Glasgow (1019). From the 
latter chair he retired in 1937. He made 
numerous investigations upon organic and 
inorganic problems, including catalysis, and 
was elected F.R.S. in 1010. Sec J. Chem. 
Soc. t 1944, 202. 

Henderson stove. See Sweating. 

Henry, William (1775-1836). Bom nt 
Manchester, Henry began to study medicine 
at Edinburgh University, but his studies 
were interrupted in order to superintend 
a chemical business which his father had 
established. He returned to his studies in 
1805, but on graduating did not practise 
long, preferring chemical research. He 
investigated the relation between the solu¬ 
bility of a gas and the pressure to which it 
is subjected. 

Henry’s law. The mass of gas which is 
dissolved by a given volume of liquid at a 
fixed temperature is proportional to the 
pressure of the gas. This relationship was 
first noticed by Henry in 1803. The law 
is only obeyed if no chemical reaction takes 
place between the gas and the solvent. 
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Heparin. A preparation obtained from 
the liver that inhibits the clotting of blood. 

It is the most active of all anti coagulants, 

1 mg. delaying the clotting of 50 ml. of 
blood for 24 hours. It has been assumed 
to be present in circulating blood and to be 
responsible for keeping it fluid. Heparin 
is employed in blood transfusions, being 
injected into the donor’s vein shortly 
before bleeding. It appears to be a poly- 
sulphuric ester of mucoitin (a complex of 
acctylglucosamine and glucuronic acid) 
and has the proposed formula 
C M H t .O I ,(OSO,H).(COOH) t (NHCOCH,) t . 

n-Heptane, C,H,„ 

CH,CH t CH,CH,CH # CH,CH„ 

i s n colourless inflammable liquid, D** 

0 08378, B.P. 08-38°. Insoluble in water; 
miscible with hydrocarbon solvents. Occurs, 
together with other isomeric hydrocarbons 
of the paraffin series, in petroleum. Ob¬ 
tained by distillation of petroleum. Eight 
other paraffin hydrocarbons of the formula 
C H„ arc possible. Has the general pro¬ 
perties of the paraffins. Used with iso- 
octane in determinations of the knock- 
rating of petrols. 

Heptose. A carbohydrate with seven 
carbon atoms. 

Heroin- See Diamorphine. 

Heroult, Paul Louis Toussaint (1863- 
1914). Elcctrochemist and metallurgist, 
I«roult was bom at Thury-Harcourt, 
Calvados. He carried out pioneer work on 
the construction of the electric furnace and 
showed how the metal aluminium could be 
obtained by the electrolysis of pure bauxite 
in molten cryolite. 

Herschel, Sir John Frederick William (1792- 
1871). Born at Slough, Bucks, Herschel 
was educated at Eton and Cambridge. 
Originally studying for the Bar, he turned 
his attention towards astronomy in 1816 . 
Although his main researches lie in that 
field, he was an able chemist and one of 
the pioneers in optical activity. He was 
awarded the Copley Medal of the Royal 
Society in 1821 and knighted in 1831. 
In 1849 he became Master of the Mint. 

Herty, Charles Holmes (1867-1938). Herty 
was born at Milledgeville, Georgia. He 
studied at the University of Georgia, at the 
Johns Hopkins University, and later at 
Berlin and Zurich. He was professor of 
chemistry at the University of North Caro¬ 
lina from 1905 to 1916, editor of Industrial 
and Engineering Chemistry from 1917 to 
1921, and President of the Synthetic Organic 
Chemical Manufacturers’ Association from 
1921 to 1926, when he joined the Chemical 


Foundation. A persistent advocate of 
American chemical independence, Herty 
was President of the American Chemical 
Society in 1915 and 1916. 

Hesperidin. See Vitamin P. 

Hess, Germain Henri (1802-1850). Born 
at Genoa, Hess took up the study of 
chemistry and was for a number of years 
professor of chemistry at St. Petersburg 
(Leningrad). His reputation was built 
upon his vast contributions to thermo¬ 
chemistry. 

Hess’s law. This law, also known as the 
law of constant heat summation, was pro¬ 
posed by Hess, and states that if a chemical 
change is carried out in a number of dif¬ 
ferent ways, the total amount of heat 
absorbed or evolved is the same, and in¬ 
dependent of the intermediate stages. For 
example, a solution of ammonium chloride 
may be prepared either by mixing gaseous 
ammonia and hydrogen chloride, and dis¬ 
solving the resultant ammonium chloride 
in water, or by mixing aqueous solutions 
of ammonia and hydrochloric acid. The 
total heat change, 38,000 calorics, is the 
same in each case. The changes arc illus¬ 
trated in the following equations, using 
experimentally determined values for the 
various heat terms (aq. stands for water): 


NH,( gU ) + HC1 ( gM ) 

- NH ,C1 (solid) + *2,100 culs. 
NH 4 Cl(,olld) + a <l- 

- NH 4 CI (delved) - 3900 cals. 

••• NH *(gM) + HC, (gM) + a< l- 

- NH 4 CI (dissolved) + 38,200 cals. 

By the second route, we have : 


NH, (gM ) + aq. 

= NH, (du »olved) + H,400 cals. 

HCI(gas) + aq- 

= HC1 (dissolved) + 17,300 cals. 
HCI (dissolved) + NH,(dissolved) 

= NII 4 CI (dissolved) + 12,300 cals. 

NH,(gu) + HCI (gas) + af l- 

- NH 4 C1 (dissolved) + 38,000 cals. 

The total heats evolved, 38,200 and 38,000 
cals., are identical within the limits of ex¬ 
perimental error. 

Heteroauxin. See Auxin. 

Heterocyclic. Heterocyclic compounds 
arc compounds which contain a closed ring 
system in which the atoms arc of more than 
one kind, for example, pyridine, thiophen, 
and furan. 

Heterogeneous catalysis. When the cata¬ 
lyst is in a different phase from the reactants, 
e.g. a solid catalyst in a reaction between 
liquids or gases, the process is called hetero¬ 
geneous catalysis. 



Heterogeneous 2 

Heterogeneous reaction. Reactions which 
occur between substances in different phases, 
e.g. between a gas and a solid, or between 
a liquid and a gas, arc termed heterogeneous 
reactions. 

Heteropoly acids. A group of complex 
acids (e.g. phosphotungstic acids, tungsto- 
molybdic acids, etc.) having anions which 
are derived from two different acid-forming 
oxides. 

Hevesy, Georg von (1885- ). Rom 

at Budapest, Hevesy studied at the Uni¬ 
versities of Budapest, Berlin, and Freiburg. 
In 1020 he was appointed professor of 
physical chemistry at the University of 
Freiburg. In addition to research upon 
electrochemistry and radioactivity, Hevesy, 
with Coster, discovered the element haf¬ 
nium. 

Hexachlorobenzene, C # C1 4 . 
colourless crystals, M.P. 227°, 

B.I*. 320°. Insoluble in water, 
soluble in benzene. It is pre¬ 
pared by the drastic chlorination 
of benzene and some alkyl- 
benzenes. It is also obtained 
when tetrach loro ethylene is 
passed through an incandescent tube. 

2 : 5-Hexadione. Sec Acctonylacetone. 

Hexagonal close-packing. One of the two 
simplest ways of 
packing equal 
spheres to occupy 
the minimum vol¬ 
ume per sphere, 
the other being 
cubic close-packing. 

Each sphere has 
twelve equidistant 
neighbours. Many 
metals crystallize 
in one or other of 
these forms of 
close-packing. 

In the diagram 
the atoms of one unit cell arc distinguished 
as double circles. 

Hexagonal system. One of the seven 
crystal systems which comprises crystals 
possessing an axis of six-fold or hexagonal 
symmetry. The crystallographic axes 
chosen in such crystals arc the principal 
hexagonal axis c and two axes inclined at 
CO’ to one another in a plane perpendicular 
to the c axis. For convenience in indexing 
the faces of hexagonal crystals a fourth 
axis, inclined at GO’ to the latter axes and 
in their plane, is also used. Structurally 
hexagonal crystals arc referred to a unit 
cell having two equal sides a and a third 
side of length c. Examples of hexagonal 
crystals are: nickel arsenide, graphite. 


Hexamethylenetetramine 

beryl, and the numerous metals crystal¬ 
lizing with hexagonal dose-packed struc¬ 
tures. Sec also Crystal symmetry and 
Crystal structure. 

Hexahydrocresols. See Mcthylcyclo- 
hexanoL 

Hex&hydrophenol. Sec Cyclohcxanol. 

Hex&lin. See Cyclohcxanol. 

Hexametaphosphates arc suits derived 
from a six-fold polymer of mctuphosphoric 
acid, H,(PO,) # ; little is known concerning 
their constitution. The sodium salt, which 
has certain colloidal properties, is known 
commercially by the trade name of “ calgon” 
and is used for water softening, since it 
prevents soluble calcium salts from reacting 
with soap. 

Hexamethylbenzene, C„H„. It is a 
colourless crystalline solid, 

M.P. 104°, B.P. 204°. In¬ 
soluble in water, readily 
soluble in benzene. It can 
be prepared by polymeriza¬ 
tion of crotonylenc with 
sulphuric acid. Oxidized by 
potassium permanganate to mcllitic acid. 

Hexamethylenetetramine, Hexamine, For- 
min, Urotropin, C,H lt N„ crystallizes in 
colourless rhombohedra; has a sweetish 
taste, becoming bitter. 

Sublimes at about 203° 
with partial decomposi¬ 
tion. Very soluble in 
water, less soluble in 
alcohol. Manufactured 
by adding ammonia to 
solutions of formalde¬ 
hyde and concentrating 
the liquor. Crystallizes 
from water with one 
molecule of water of 
crystallization. This 
hydrate melts at 15°. 

It is a weak base (monoacid), and forms 
salts with acids. Also forms crystalline 
compounds with metallic salts. It is stable 
to alkalis but is decomposed by sulphuric 
acid to formaldehyde and ammonia. Re¬ 
acts with zinc and hydrochloric acid to give 
trimethylaminc and other products. It 
burns with an intensely hot blue flame. 
Used in the manufacture of phenol-for¬ 
maldehyde resins, as a rubber vulcanization 
accelerator, and as a reagent for the detec¬ 
tion of gold and mercury. It is employed 
as a urinary antiseptic and is administered 
together with sodium acid phosphate or one 
of the benzoates in order that the reaction 
of the urine may be rendered more acid. 
Under this treatment the intake of fluid 
should be increased. 


It forms 
Cl 

ci/\ci 


Cl 




Cl 




N 
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High-temperature 


Hexamine 

Hexamine. See Hexamethylenetetramine. 
Hexobarbitone, 5 - A 1 - cyclohexenyl - 5 - 
metbyl-N-metbylbarbitunc acid, Cj.Hj.OjN,. 

/CO • NH 


CH 

C. 


CH, W C ° ‘"" ^>co 
• n/'co -N(CH,K 


It is a colourless crystalline powder, M.P. 
145°-147 0 . Sparingly soluble in water 
soluble in alcohol and organic solvents It 
is i rapidly absorbed hypnotic. The soluble 
sodium salt—hexobarbitone soluble—is in¬ 
jected intravenously to produce general 
anaesthesia, but its use requires great 
care, owing to the danger of respiratory 

troubles, , , , 

Hexose. A carbohydrate with six carbon 

atoms. The hexoses are by far the most 
important of the simple sugars, and almost 
all the polysaccharides are built up of 
hexose units. Three aldohexoscs, D-glucosc, 
D-mannose. and D-galactose, are common 
in plants, either in the free state or as com¬ 
ponents of polysaccharide molecules. The 
configurations of the less important aldo- 
hcxoscs are as follows : 


CIIO 


CHO 


CHO 


HO-| 
II- 
IIO- 
H— 


-H H- 

—OH H- 
-II IIO- 
-OH H- 


CH.OII 

D-Idose. 


—OH HO-H 

-OH HO-H 

-II HO-H 

-OH H-OH 


CH.OH 

d-GuIosc. 


CH.OH 

D-Talosc. 


CHO 

II—I—Oil 
II——OH 
II——OH 


II- 


CIIO 
HO—I—H 


—OH 



CII.OII 

d-AIIosc. 


CH.OH 

D-Altrose. 


Of the ketohexoses, D-fructose is widely 
distributed, L-sorbose can be obtained from 
fermented mountain-ash berries, and the 
other ketohexoses arc purely laboratory 
products. The configurations of other 
ketohexoses are as follows: 

CH.OH 

CO 



hJ 

_OH 

H— 

H_ 

—OH 
_OH 




CH.OH 

D-Tagatose. 


CH.OH 

D-Psicose. 


Hexylresorcinol, C„H 17 O r 
HO/^.CH, • CH. • CH. • CH. • CH, • CH, 


HO 

White needles, M.P. about 06°, soluble 1 
part in 2000 of water, readily soluble in 
alcohol. It is prepared by condensing 
hexoic acid with resorcinol and reducing. 
It is a potent bactericide and is used par¬ 
ticularly for treating infections of the 
urinary tract. 

Hiduminium. The name applied to a 
group of light aluminium alloys manu¬ 
factured by High Duty Alloys Ltd. 
“Hiduminium 23,” “33.” and “35” 
consist of aluminium containing up to 
1-5 % of manganese. “ Hiduminium HR ” 
alloys contain copper 1-5-3 %, nickel 
0-5-2 %, magnesium 0-05-2 %, iron 0-4-2%, 
silicon 0-5-2 %, and titanium 0-0-5 %, the 
remainder being aluminium. 

Highest useful compression ratio. The 
highest compression ratio which can be 
used in an internal-combustion engine for 
any particular fuel without causing detona¬ 
tion (pinking or knocking). For any 
particular engine and fuel this is the com¬ 
pression ratio at which maximum power 
is developed. 

For the majority of modern automobile 
engines the II.U.C.R. lies between 5-5 und 
6 5. 

High-temperature carbonization. When 
suitable coals arc treated in specially con¬ 
structed ovens or retorts, in the absence of 
air, and at temperatures from 800 °- 1100 ° 
for periods from 10-24 hours, the more 
volatile constituents arc distilled off and 
arc subjected to further heat treatment 
before they are finally discharged into the 
foul gas main. A strong compact residue 
of coke is left in the retort. The equipment 
commonly in use for high temperature 
carbonization falls in two categories : 

(1) Type of oven. 

(2) By-product recovery plant. 

Under (1) there arc 

(а) Beehive ovens, solely used for the 
manufacture of metallurgical coke and 
now superseded by 

(б) By-product coke ovens, used for the 
production of coke with recovery of by¬ 
products and utilization of gas as important 
auxiliaries. 

(c) Gasworks retorts in which the gas 
yield is the important factor. It is neces¬ 
sary, however, that the coke should be 
utilizable as a fuel in the heating of the 
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retorts, the remainder being available as 
a domestic fuel. 

In any type of oven the properties of 
the coke (c.g. porosity, strength, size), the 
amount of raw gas, and analysis of raw 
gas are dependent on the type of coal 
used, nature of oven (e.g. width), rate of 
coking, and flue temperatures. 

Hildebrand, Joel Henry (1881- ). 

Rom at Camden, U.S.A., Hildebrand was 
educated at the Universities of Penn¬ 
sylvania and Berlin. After holding various 
junior teaching posts, he was appointed, 
in 1918, professor of chemistry at the 
University of California. He has carried 
out numerous investigations into the pro¬ 
perties of liquids. 

Hillebrand, William Francis (1853-1925). 
Hillebrand was born in Honolulu, and after 
early education there, in California, and at 
Cornell University, he studied at Heidelberg, 
Strasburg, nnd Freiberg. In 1880 he 
became a chemist in the U.S. Geological 
Survey, nnd in 1908 was appointed chief 
chemist of the Bureau of Standards. A 
prolific writer, Hillebrand exercised a great 
influence on the development of analytical 
chemistry, particularly in the field of 
mineral analysis. He was President of the 
American Chemical Society in 1906. 

Hindered settling. Sedimentation under 
conditions in which the individual particles 
are so close together that they interfere 
with one another’s movements and affect 
the net settling rate of the suspension. 

Hinshelwood, Sir Cyril Norman (1897- ). 

Born in London, Hinshelwood was educated 
at Westminster School and Baliiol College, 
Oxford. He was lecturer in chemical 
dynamics at Oxford from 1927 to 1937, 
when he became Dr. Lee’s professor of 
chemistry, also at Oxford. He was Pres¬ 
ident of the Chemical Society, 1946-48. 
He is distinguished for his work on the 
kinetics of reactions, both chemical and 
bacteriological. 

Hippuric acid, Benzoylglycine, C,H,0,N. 

CO • NH • CH, • COOH 

0 

Crystallizes in prisms, M.P. 187°, soluble 
in water and alcohol. It is excreted in 
small quantities in the urine of mammals 
as a means of elimination of the toxic ben¬ 
zoic acid which is conjugated with glycine 
in the kidney. 

Hippuricase (Histozyme) is the enzyme 
which converts hippuric acid into benzoic 
acid and glycine. It is present in the 


kidney of mammals. Like most enzymes 
it has stereochemical specificity ; it splits 
homologues of benzoylglycine belonging to 
the D-serics, i.e. acid radicals from peptides. 
1 1 is present in the liver, pancreas, and other 
organs and also in Aspergillus oryza. 

Hirst, Edmund Langley (1898- ). 

Educated at Northgatc School, Ipswich, 
and the University, St. Andrews. Hirst 
was appointed lecturer in chemistry, Durham 
(1924), Birmingham (1927), reader in 
chemistry, Birmingham (1935), professor of 
organic chemist ry, Bristol (1936), Sir 
William Hall professor of chemistry, Man¬ 
chester (1944), nnd Forbes professor of 
organic chemistry, Edinburgh (1947). His 
main researches have been upon the carbo¬ 
hydrates and Vitamin C. He was elected 
F.R.S. in 1934. 

Hirudin. A substance obtained from the 
salivary gland of the leech. It is believed 
to be a proteose and it prevents the clotting 
of blood by inhibiting the action of thrombin 
on fibrinogen. 

Histamine, 4 - Aminoethylglyoxaline, 

C t H,N,. 

CH—C—CH, • CH, NH, 

N NH 



A base, formed by the bacterial degradation 
of histidine, nnd present in ergot nnd in 
many animal tissues, where it is liberated 
in response to injury. If injected it causes 
a condition of shock with dilatation of the 
capillaries and a rapid fall in blood pressure. 
It also causes copious secretion of the gastric 
juice. It is normally prepared from protein 
degradation products. 

Histidine, a-Amino-/J-imidazolpropionic 

acid, C,H,0,N,. 


CH=C— CH,—Cl I—COOH 
N NH 


NH, 


II 


Crystallizes in colourless plates, M.P. 277°, 
soluble in 24 parts of water, sparingly 
soluble in alcohol. The naturally occurring 
substance is lavorotatory, [a]” — 38-95°. 
Histidine is one of the basic amino-acids 
occurring in the hydrolysis products of 
proteins, and particularly of the basic 
proteins, the protamines and histones. It 
is an essential constituent of the food of 
animals. See Dunn et al., J. Biol. Chem., 
1942. 144, 487. 

Histones. A class of proteins similar to 
the protamines, but containing a lower per- 
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cenlage of nitrogen and the basic am.no- 
nrids They are less basic than the pro¬ 
tamines, but more so than most proteins. 
They are usually found in combination 
with nucleic acid, and are present in the 
thymus gland of animals, in red blood cor- 
puscles, and in spermatozoa. They are not 
found in plants. See “ The Protamines and 
Histones,” by Kossel. - 

Histozyme. See H.ppuricase. 

Hcesch synthesis. A variation of the 
Gattermann synthesis of hydroxy-alde- 
hvdes this reaction has been w.dely ap¬ 
plied to the synthesis of anthocyamdins. 
It consists in the condensation of polyhydnc 
phenols with nitriles by the action of 
hydrochloric acid (with or without zinc 
chloride as a catalyst) This gives an 
imine-hydrochloride which on hydrolysis 
with water gives the hydroxy-ketone. 

Hofmann, August Wilhelm von (1818- 
1892). Bom at Giessen, Hofmann entered 
the university of his native town as a law 
student in 1836. Under the influence of 
Liebig, however, he became attracted to 
the study of chemistry and in 1845 accepted 
the chair of chemistry at the newly founded 
College of Chemistry in London. " A 
singularly interesting and lucid teacher,” 
he returned, in 1805. to Germany as pro¬ 
fessor of chemistry in the University of 
Berlin and was ennobled in 1888. His 
extraordinary ability as an investigator 
did much to hasten the development of 
organic chemistry and particularly the dye 
industry. Sec Mem. Lect., J. Chem. Soc., 
1806, p. 575. 

Hofmann conversion of amides. Ali¬ 
phatic and aromatic amides react with 
solutions of chlorine or bromine in excess 
sodium hydroxide to give primary amines 
containing one carbon atom less than the 
original amide. The halogen first replaces 
one of the hydrogen atoms of the amido 
group to give a chloro- or bromo-amide 
which reacts with alkali to give an iso¬ 
cyanate ; this decomposes to give an amine 
and carbon dioxide. The reaction is used 
in the preparation of anthranilic acid. 

Hofmann’s method for determining 
vapour densities. The volume of a given 
mass of vapour is determined by weighing 
out the liquid which is to be vaporized in 
a small stoppered bottle, and introducing 
it into the vacuum at the top of a barometer 
tube surrounded by a heating jacket. The 
liquid vaporizes, and its volume is measured 
by the depression in the level of the mercury 
in the barometer tube. 

Hofmeister series. See Lyotropic series. 

Holmium, Ho. At. no. 67, At. wt. 164-94. 
An element of the rare-earth group. For 


Homogeneous 

its occurrence and separation sec Rare- 
earths. Metallic holmium has not been 
isolated. In its compounds it is trivalent. 
The oxide, Ho,0„ is a pale yellow powder 
which is formed by igniting the hydroxide 
or the oxalate. It crystallizes in the 
cubic system, and dissolves readily in acids 
giving yellow solutions. The hydroxide, 
Ho(OH)„ is precipitated from such solu¬ 
tions by the addition of ammonia or of 
sodium hydroxide solution. The chloride 
is known as the hexahydratc and as the 
anhydrous salt. The latter is prepared 
by the action of hydrogen chloride on the 
hexahydrate at 300°. It melts at 696° and 
is soluble in water with moderate hydrolysis. 
The bromate, Ho(BrO,)„ 911,0, is more 
soluble than praseodymium bromate and 
less soluble than that of yttrium. The 
oxalate is precipitated by the addition of 
oxalic acid to solutions of holmium salts. 
Solutions of holmium salts show character¬ 
istic absorption bands at A A 6416-6418, 
6414-6384, 5385-5349, 4860-4846, 4459- 

4454, 4223, 4210, and 4179-4152 a. 

Holohedral forms. Sec 1 Icmihedral forms. 

Homatropine, mandel yltropeinc, 
C u H tl O,N. 

CH,—CH-CII, 

N-CH, CH • O • CO • CHOH • C,H, 

CH,—CH-CH, 

Colourless prisms. M.P. 99 o -100°, insoluble 
in water, soluble in organic solvents. 
Prepared from tropine and mandclic acid. 
It is used medicinally as its hydrobromidc 
(M.P. 214°, soluble in 6 parts of water and 
18 parts of alcohol) for dilating the pupil. 

Homocyclic. Homocyclic compounds arc 
compounds which contain a closed ring 
system in which all the atoms are the same. 
As the atoms are always carbon atoms, the 
term carbocyclic is often used. Homo- 
cyclic compounds can be subdivided into 
aromatic or benzenoid compounds and 
alicyclic compounds, such as cyclohexane. 

Homogeneous catalysis. When the cata¬ 
lyst is in the same phase, e.g. a liquid 
catalyst used to facilitate a reaction between 
liquids, the process is called homogeneous 
catalysis. 

Homogeneous reaction. Reactions which 
occur between substances in the same 
phase, e.g. between gases or between 
liquids, are termed homogeneous reactions. 
It should be noted that each solid present 
in a reactant mixture is regarded as a 
separate phase, so that a reaction between 
two solids is not normally a homogeneous 
reaction. 
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Homogenizer. This is a mechanical de¬ 
vice in which two liquids, roughly pre- 
cmulsificd, are forced together through a 
small orifice under pressure. By this 
means a line emulsion is obtained. Many 
machines of this type are on the market, 
ranging from the small domestic cream 
machine to the large “ Brush ” homogenizer 
which relies for its adjustment on the 
elasticity of a metal sleeve. 

In all mechanical dispersion devices it is 
necessary to have an emulsifying or stabi¬ 
lizing agent present, otherwise the emulsion 
breuks down as soon as it is formed. With 
milk-fat mixtures for the reconstruction 
of cream, the proteins of the milk are able 
to stabilize the resultant emulsion. See 
Emulsion, Emulsifying agent. 

Homogentisic acid, quinolacetic acid, 
C,H,0 4 . Crystallizes in 
prisms with one molecule tM.tUUM 
of water, M.P. 152°-154°, f \oil 
soluble in water and 
alcohol. It is excreted HO. J 
in the urine in the rare 
hereditary disease alkaptonuria. It is very 
easily oxidized in the air with the for¬ 
mation of dark-coloured products, so that 
urine in which it is present turns black 
on standing. It is formed from the 
amino-ucid tyrosine, and is probably an 
intermediate product in the breakdown of 
tyrosine in the body. Sec " Inborn Errors 
of Metabolism,” by Garrod. 

Homonuclear molecule. A molecule con¬ 
sisting of identical atoms is said to be 
homonuclear, c.g. O,. N t , Cl„ in contrast 
with a hctcronuclear molecule which con¬ 
tains different atoms, c.g. HC1, NO, CO. 

Homopolar bond. Sec Covalent bond. 

Homopolar crystal. A crystal in which 
all the bonds between the atoms arc essen¬ 
tially homopolar in character. Two im¬ 
portant classes of homopolar crystals arc 
the diamond and zinc blende types ( q.v .). 

Hooke, Robert (1635-1703). Born at 
Freshwater, Isle of Wight, Hooke was 
educated at Westminster School and 
Oxford, where he assisted Willis and Boyle. 
In 1002 he became Curator of Experiments 
to the Royal Society, of which he was 
elected a Fellow in the following year, 
and in 1604 was appointed professor of 
geometry at Gresham College. He also 
delivered the Cutlerian Lectures. He 
invented the wheel barometer and made 
investigations on sound and optics, but 
from a chemical viewpoint his theories on 
the nature of combustion form his most 
interesting work. 

Hopcalite. A mixed catalyst which con¬ 
sists, in its simplest form, of a mixture of 


manganese dioxide and copper oxide. By 
means of this catalyst it is possible to carry 
out the selective combustion of carbon 
monoxide to carbon dioxide in mixtures of 
carbon monoxide with hydrogen. 

Hopkins, B. Smith (1873- ). Edu¬ 

cated at Albion College and Columbia and 
Johns Hopkins Universities, Hopkins was 
appointed professor of chemistry at 
Nebraska Wesleyan University (1000), 
Carroll College (1000), and the University 
of Illinois (1012). His original work in¬ 
cludes investigations on the rare earths 
and the discovery of the element illinium. 
He has found the magneto-optic method 
of analysis more sensitive than analysis by 
arc spectra. 

Hopkins, Sir Frederick Gowland (1801- 
1047). Born nt Eastbourne and educated 
in private schools, Hopkins received his 
first technical training in the laboratory 
of a consulting chemist. In 1804 he 
graduated in medicine nt the University of 
London, and in 1800 proceeded to Cambridge 
for physiological research. In 1014 he was 
appointed professor of biochemistry there 
and in 1921 became Sir William Dunn 
Professor. His brilliant researches included 
investigations upon uric ncid, amino-acids, 
glutathione and vitamins. He was elected 
F.R.S. (1005), knighted (1025), awarded the 
Nobel Prize for Medicine (1020), and created 
O.M. (1035). See Diochem. J., 1048, 42,101. 

Hordein. A protein, belonging to the 
prolamine class, found in the seeds of barley. 

Hordenine, p-Hydroxyphenylethyldi- 
methylamine, C 10 H 14 ON. 

/CH, 

CH, • CH, • N( 

i N «i, 


Crystallizes in colourless prisms, M.P. 
117®, soluble in hot water and alcohol. 
It is obtained from barley germs, and is 
slightly toxic with a feeble pressor action. 

Hormones. Hormones are compounds 
secreted directly into the blood stream by 
certain organs of the body. They are then 
carried to other organs where they exert 
a definite physiological action. Thus thy¬ 
roxine, secreted by the thyroid gland, 
stimulates the metabolism of the body as 
a whole, and parathormone, the hormone of 
the parathyroids, has a regulating effect 
on the calcium content of the blood. Most 
of the known hormones are secreted by the 
endocrine organs, the so-called ductless 
glands, which appear to have no other 
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function than the manufacture of hormones, 
Jr? insulin, which is secreted by certain 
bUt r nancreas, and the sex hormones, 
-SU-S-STSt and ovary, do not 
S into thi. calory. For a substance 
[o be elassed as a hormone .t a essential 

hat the injection of an extract of the 
moducing it should restore to the normal 
Edition an animal with the particular 
d removed. The hormones fall into 
m particular chemical group; they vary 
?mm insulin, which is a highly complicated 
substance of a protein nature, to the re¬ 
latively simple substance, adrenaline. Sub- 
iunccs resembling the animal hormones 
a“ also produced by plants, for example 

“"Hornblende, an aluminosilicate of com¬ 
plex composition possibly corresponding to 
(OH)i(Ca, Na, K),(Mg. Fe, Al). <SiAl).Si.O„. 
The SI in the Si.O„ chains may be partly 
reolaccd by Al. The crystals arc mono- 
clinic and are green or black. Sp. gr. 3^0- 
3 . 5 , hardness 5-0, refractive index max. 

, 08. min. 10*. M.P. 1180 M 220 - The 

mineral is moderately magnetic. It is a 
common constituent of some igneous rocks 
and in very small proportions of some dark 
coloured clays. 

Howard crystallizer. This consists of an 
inverted cone through which solution llows 
in an upward direction ; it is surrounded 
by a water jacket. The crystals arc kept 
in suspension until they reach such a size 
that their rate of fall due to gravity is 
greater than the upwnrd velocity of the 
liquid ; they then fall to the bottom and 
are removed at the base of the cone. The 
advantage of this type of plant is that 
crystals of any required size may be pro¬ 
duced by using a suitable rate of feed to 
the crystallizer. 

Howard dust chamber. See Dust 
chamber. . „ 

Hudson, Claude Silbert (1881- ). Born 

at Atlanta, U.S.A., Hudson was educated 
at Princetown University. In addition 
to junior teaching appointments he has 
held office as Chief of the Carbohydrate 
Laboratory (1908-1919) and chemist with 
the Samuel Heath Co., Trenton, since 1919. 
He has carried out numerous researches, 
particularly upon the sugars, and was in 
1910 awarded the Nichols Medal of the 
American Chemical Society. 

Hudson’s isorotation rule. For a pair 
of sugars having the a- and ^-constitutions, 
the molecular rotations may be represented 
as (A + B) and (- A + B) where A re¬ 
presents the contribution of the 1 -carbon 
atom and B that of the rest of the molecule. 
The sum of these values, 2B, is characteris¬ 


tic of the sugar structure, and the difference, 
2A, is characteristic of the end grouping. 
Though not strictly accurate this rule shows 
good agreement between observation and 
theory. 

Hudson's lactone rule. The sign of the 
molecular rotation of the y-lactoncs derived 
from aldoses may be predicted by observing 
the configuration of the 4-carbon atom. 
Using the regular structural formula, if the 
hydroxyl in position 4 is to the right, the 
lactone is dextrorotatory ; if to the left, 
it is hevorotatory. As long as the sugar 
is not too vigorously rotatory in the 
opposite direction, this rule generally holds. 

Hume-Rothery’s rule. Alloys of copper 
and zinc, silver and zinc, silver and cad¬ 
mium, copper and aluminium, gold and 
aluminium, manganese and zinc, and many 
other pairs of metals occur in phases, each 
phase having a characteristic structure 
but an indefinite composition between 
certain limits. Hume-Rothcry stated in 
1920 that a particular phase is not deter¬ 
mined by the chemical properties of the 
elements concerned or by their valency, 
but by the relative number of valency 
electrons and atoms in the structure. The 
fi, y, and e phases arc characterized by 
electron : atom ratios of 3:2, 21:13, and 
7:4 respectively. Sec Evans’s “Crystal 
Chemistry,” p. 129. 

Humic acid. A name for a substance or 
substances present in the organic matter of 
soil that are soluble in alkalis and insoluble 
in acids. The composition of humic acid 
varies greatly under different conditions, and 
it is not certain whether nitrogen is an 
essential element or whether humic ncid is 
formed from carbohydrate material. The 
latest view is that it is derived from lignin. 

Humidification. The evaporation of a 
liquid into a gas by the transfer of molecules 
of the liquid from the layer of gas at its 
surface, in which the partial pressure of the 
vapour is approximately equal to the vapour 
pressure of the liquid, to the body of the 
gas by diffusion or convection. This term 
is usually applied to a water-air system. 

Humidity, determination of. The mea¬ 
surement of humidity may be carried out 
in a number of ways of which the com¬ 
monest arc, by determination of the dew¬ 
point, by use of a wet-bulb thermometer, or 
by means of a hair hygrometer. More 
accurate measurements may be made by 
determining the thermal conductivity of 
the air/water-vapour mixture and com¬ 
paring the result with previous calibrations. 

Humin. Humin is the name given to the 
insoluble dark coloured nitrogenous sub¬ 
stance that is formed during the hydrolysis 
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of proteins by acids. Its composition is 
unknown, but it apparently is formed chiefly 
from the ainino-ncid tryptophan. 

Hum-mer screen. Sec Vibrating screens. 

Humulene, C, 6 II a4 . A sesquiterpene 
found in oil of hops, which is very possibly 
identical with a-caryophyllcne. 

Humus. The characteristic organic con¬ 
stituent of the soil. It is a dark coloured 
amorphous material and is formed by the 
microbiological decomposition of plant 
materials, chiefly lignin and proteins. It 
has a carbon /nitrogen ratio of about 10 , 
and occurs in the soil in company with clay, 
forming the colloidal clay-humus complex. 
Sec " Humus," by Wnksman. 

Hunt, Thomas Sterry (1820-1802). Hunt 
was born at Norwich, Connecticut, and 
studied at Yale. From 1847 to 1872 he 
was chemist and mineralogist to the Geolo¬ 
gical Survey of Canada, being also professor 
of chemistry at the Laval University, 
Quebec (1850-1802), and the McGill Univer¬ 
sity, Montreal (1802-1808). From 1872 to 
1878 he was professor of geology nt the 
Massachusetts Institute of Technology, 
Boston. He was President of the American 
Chemical Society in 1870 nnd 1888, and 
was elected a Fellow of the Royal Society 
in 1850. 

Hurrel mill . Sec Colloid mills. 

Hutton, Robert Salmon (1870- ). 

Hutton was educated at Manchester, 
Leipzig, and Paris, where he carried out 
research on electric furnaces with Moissan. 
In 1000 he returned to Manchester as 
lecturer in electro-metallurgy, leaving the 
university in 1008 to enter a family silver 
business in Shcflicld. From 1021 to 1032 
he was Director of the British Non-Ferrous 
Metals Research Association, then being 
appointed Goldsmiths’ Professor of Metal¬ 
lurgy in Cambridge University. 

Hyacinth. See Zirconium silicate. 

Hydantoin, C,H 4 O a N a . Crystallizes in 
colourless needles, M.P. 220°. 

Soluble in alcohol, sparingly 
soluble in water. It can be 
prepared by the condensation 
of glycine with potassium 
cyanate and boiling the hy- 
dantoic acid so formed with 
hydrochloric acid. It is present in beet 
molasses. Many substituted hydantoins 
have been prepared. 

Hydnocarpic acid, C lt H lt O t . 

CHj—CH t v 

>CH • [CH,] 10 • COOH 
CH==CH' 

A fatty acid occurring as glycerides in 
chaulmoogra oil and other vegetable oil9. 



It crystallizes in plates, M.P. 50'-(KT, 
soluble in chloroform, sparingly soluble in 
other organic solvents. It is used in the 
treatment of leprosy. 

Hydnocarpus oil is expressed from the 
seeds of Hydnocarpus Wightiana. Its phy¬ 
sical and chemical characters nnd medicinal 
properties arc practically identical with 
those of Chaulmoogra oil. 

Hydracrylic acid, 0-Lactic acid, 2-Hydroxy- 
propionic acid, C a II 4 0„ 

CH.OH • CH.COOII, 

exists as an uncrystallizablc syrup. Soluble 
in water, alcohol, and ether. Manufactured 
by treating ethylene cyanohydrin with 
sodium hydroxide and decomposing the 
sodium hydracrylatc with sulphuric acid. 
Converted to acrylic acid on heating. Used 
in manufacture of acrylic esters. 

Hydrargillite. A characteristic hydrated 
form of aluminium oxide, Al a O a ,3H a O, 
which occurs naturally, or can be obtained 
under controlled conditions by precipitation 
from a solution of nn aluminium suit or an 
aluminatc. 

Hydrastine, C tl H ai O a N. 



Colourless prisms, M.P. 132°, insoluble in 
water, sparingly soluble in alcohol, soluble 
in ether, chloroform and benzene, (a)?, 0 
— 49-8® in alcohol. An alkaloid obtained 
from Hydrastis canadensis. It is used 
medicinally as its hydrochloride which is 
soluble in water and alcohol. It acts on 
the central nervous system, causing a 
slowing of the heart and a rise in blood 
pressure. It i9 used to contract the uterus 
and arrest haemorrhage. 

Hydrastinine, C n H,jO s N. 


CH 



CH a • CH, • NH • CH, 
CHO 


Colourless needles, M.P. 116°-117°, soluble 
in water and alcohol to give a yellow 
fluorescent solution, and in non-polar 
solvents to give a colourless solution. 
It can be obtained by the oxidation of 
hydrastine, from cotarnine, and by syn¬ 
thesis from formylhomopiperonylamine. Its 
medical action resembles that of hydrastine. 
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Hydrastis is the dried rhizome and roots 
of the Golden Seal, Hydrastis canadensis, 
and its active principles arc the alkaloids 
hvdrastine, berberine, and canadine. me 
tincture or liquid extract is used as a bitter 
tonic and to stimulate uterine contractions. 
When diluted, the liquid extract is used 
externally to check profuse sweating. 

Hydration oi ions. Many ions in aqueous 
solution arc combined with one or more 
molecules of water. The ions are said to 
be hvdratcd, or solvated. Thus, the hydro¬ 
gen ion is always attached to at least one 
molecule of water, and should properly be 
written HjO', and referred to as the 
hydroxonium ion. Hydration is explained 
by the attachment of molecules of water 
to the ion either by electrostatic or covalent 
bonds. 

Hydraulic cement. A cement, such os 
Portland cement, which sets or hardens 
when in contact with or when immersed 
in water, ns distinct from cements which 
harden on exposure to air or on cooling. 
Hydraulic cements consist chiefly of tri- 
calcium silicate or tricalcium aluminate, 
but usually contain a considerable pro¬ 
portion of other (inert) ingredients. 

Hydrazine, N.H.. A colourless liquid or 
crystalline solid, M.P. 1-4®, B.P. 113-5*; 
generally used os an aqueous solution of 
constant boiling-point ( 110 °), known as 
*• hydrazine hydrate.” Prepared by the 
action of sodium hypochlorite on urea in the 
presence of caustic soda; the hydrazine is 
crystallized from the solution as its sulphate, 
N,H 4 , II a S0 4 . after acidifying with sulphuric 
acid. The sulphate gives hydrazine hydrate 
on distillation with concentrated potassium 
hydroxide solution under reduced pressure, 
unhydrous hydrazine being obtained on 
further distillation of the hydrate with solid 
sodium hydroxide. Hydrazine is a weak 
base, giving salts (c.g. N,H 4 .HCI) with 
strong acids. It is a very powerful reducing 
agent, reducing gold, platinum, and silver 
salts irt solution to the metals. Anhydrous 
hydrazine inflames in oxygen, and reacts 
violently with oxidizing agents. Hydrazine 
hydrate has been used as a fuel for jet 
propulsion and rockets. 

Hydrazobenzene, C u H ia N x . 

-NH-NH- 

It forms colourless plates, M.P. 131°. 
Insoluble in water, easily soluble in alcohol 
and ether. In moist air or in alcoholic 
solution it oxidizes spontaneously to azo¬ 
benzene. It does not form salts with 
acids but is converted by them into benzi¬ 
dine by an intramolecular change. It 


gives two molecules of aniline when treated 
with a strong reducing agent. 

It is prepared by reduction of nitro¬ 
benzene with iron and caustic soda. It is 
also prepared by an electrolytic reduction 
of nitrobenzene. It is widely used for the 
preparation of benzidine. 

Hydrazoic acid (Azoimide), HN 3 . A 
colourless liquid with a nauseating odour, 
B.P. 37°, M.P. — 80°. Highly poisonous, 
and explosive in presence of oxygen or 
oxidizing agents. Generally met with as 
an aqueous solution, prepared by distilling 
sodium azide, NaN„ with dilute acid; 
sodium azide is conveniently made by 
passing nitrous oxide over heated sodamide, 
NaNH,. The salts of hydrazoic acid 
(azides), particularly lead azide, Pb(N,)„ 
are used, on account of their sensitivity to 
explosion by mechanical shock, in detonators. 

Hydriodic acid. A solution of hydrogen 
iodide in water. Such a solution has acidic 
properties similar to those of hydrochloric 
and hydrobromic acids. Sec Hydrogen 
iodide. 

Hydrobromic acid. HBr. Colourless acid 
gas. M.P. -80®. B.P. - 08 7®. May be 
obtained directly from the elements using 
heated charcoal or platinum as catalyst. 
More easily prepared from bromine, red 
phosphorus, and water, the reaction giving 
phosphoric and hydrobromic acids of which 
only the latter is volatile. 

The gas is very soluble in water, 1 vol. 
water dissolves 000 vols. HBr at 0°. The 
solution is a strong acid IIBr H* + Br'. 
On distillation it forms an acid of maximum 
boiling-point as in the case of hydro¬ 
chloric acid. At 700 min. the B.P. is 120® 
and the solution contains 47-80 °/ 0 HBr. 

A convenient method of producing 
aqueous HBr is to pass sulphur dioxide or 
hydrogen sulphide through bromine covered 
by a layer of water. 

Hydrocarbons. This term includes all 
compounds of carbon and hydrogen only. 
They are subdivided into aliphatic and 
cyclic hydrocarbons according to the 
arrangement of the carbon atoms in the 
molecule. The aliphatic hydrocarbons arc 
again subdivided into paraflins, olefines, 
diolcflnes, according to the number of 
double bonds in the molecule. The cyclic 
hydrocarbons are subdivided into aromatic 
hydrocarbons and cycloparaffins. 

Hydrochloric acid. Hydrogen chloride 
is very soluble in water, a saturated solu¬ 
tion containing about 43 % of hydrogen 
chloride. Commercial acid (D * 1-20) con¬ 
tains about 39 % IICl. Hydrochloric acid 
solutions yield on distillation an acid of 
maximum boiling-point, the composition 
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depending on the pressure. At 50 mm. 
the acid contains 23 2 % IIC1, at 700 mm. 
20-24 %. The maximum boiling-point acid 
is a solution and docs not correspond to 
any compound of water and HC1. The 
relationship between distillation pressure, 
temperature, and composition of distillate 
is accurately known, and is used to make 
standard HC1 solutions. 

Hydrochloric acid is a strong acid. It 
dissolves many metals with the evolution 
of hydrogen and formation of chlorides. 
Chlorides are, mostly, stable salts, those of 
the weakest bases being readily hydrolysed. 
Those of silver, mercury (-ous), lead, and 
thallium are insoluble in water. 

Hydrochloride. The name given to the 
salt-like compounds formed by organic 
nitrogen-containing bases with hydrochloric 
acid. In these compounds the basic 
nitrogen atom unites with both the hydrogen 
and the chlorine atoms of the hydrochloric 
acid, thus becoming pcntavalent. The 
hydrochlorides arc usually crystalline solids 
and arc often convenient means of isolating 
bases. 

Hydrocyanic acid, Prussic acid. Hydrogen 
cyanide, HCN. A colourless liquid, B.I*. 
20°, F.P. — 15°, !)«• 0 0060. Miscible with 
water and alcohol in all proportions. It 
burns with a violet llamc and has a smell 
of bitter almonds. It exists in two tauto¬ 
meric forms and forms two series of salts, 
the cyanides K • C : N and the isocynnidcs 
R • N : C. It is a very weak acid, and its 
salts nre hydrolysed in solution. It is pre¬ 
sent in many plants in the combined state 
as amygdalin and other glycosides. It can 
be prepared anhydrous by the action of 
sulphuric acid on cyanides. It can also be 
prepared by sparking acetylene with nitro¬ 
gen and by other methods. Impure hydro¬ 
cyanic acid polymerizes on keeping, and 
forms a dark amorphous solid called azulmic 
acid ; the presence of acids prevents poly¬ 
merization. Hydrocyanic acid is used as 
an insecticide and for fumigation. 

It is a very powerful poison, being ab¬ 
sorbed with great rapidity and in poisonous 
♦loses paralyses the heart's action and the 
respiration, death occurring within a few 
minutes. The dilute acid—a 2 % aqueous 
solution—is administered in doses of from 2 
to 5 minims in conjunction with bismuth as a 
sedative to the stomach in painful dyspepsia 
and to allay the vomiting of pregnancy. 

Hydroferricyanic acid. Sec Ferri- 

cyanides. 

Hydroferrocyanic acid. See Ferro- 

cyanidcs. 

Hydrofluoric acid. See Hydrogen fluoride. 

Hydrofluosilicic acid, H,SiF,. This acid 


is formed by the action of silicon tetra- 
fluoridc on water or by dissolution of silica 
in hydrofluoric acid. A concentrated solu- * 
tion fumes in the air, and from such solu¬ 
tions the solid hydrate H,SiF c , 211,0 (M.P. 
19°) separates on cooling. The pure acid 
in solution does not attack glass, but when 
such solutions arc evaporated decomposition 
occurs with liberation of silicon tetra- 
fluoridc and hydrogen fluoride. Hydro¬ 
fluosilicic acid is formed as a by-product in 
the production of superphosphate by the 
action of concentrated sulphuric acid on 
minerals which contain apatite. 

Hydrogen, II. At. no. 1, At. wt. 1 0080. 

A gaseous element (B.I\ — 252*8°), which 
occurs free in certain natural gases and, 
in the combined state, is one of the most 
widespread constituents of the mineral 
and vegetable kingdom. The element is 
prepared by the electrolysis of its oxide, 
11,0, rendered conducting by the dissolu¬ 
tion in it of a suitable acid, base, or salt. 

It is evolved at the cathode. Other methods 
of preparing hydrogen are by decomposing 
water with certain metals, by decomposing 
steam with white-hot coke, when carbon 
monoxide is also formed, and, on a small 
scale, by decomposing acids with metals. 
Hydrogen is a gas which explodes when 
mixed with oxygen in suitable proportions 
(approx. 10 % to 90 %) and sparked or 
heated. It combines with mctuls of the 
alkali and alkaline-earth groups and forms 
solid salt-like hydrides (c.g. Nall, Call,). 
With numerous non-metals it forms volatile 
hydrides (e.g. CH„ NH„ H,S, IIC1). Al¬ 
though in most compounds, hydrogen 
behaves as an electropositive element, in 
the electrolysis of the fused hydride of 
lithium it appears at the positive electrode. 

Hydrogenated rubber. In the presence of 
hydrogenation catalysts, such as platinum 
black, rubber reacts with hydrogen to give 
a saturated compound of the formula 

(C*H„),. When manufactured at high 
temperature and pressure from molten 
rubber the material will react with bromine, 
but the product obtained at lower tempera¬ 
tures from dilute rubber solutions is stable 
to bromine and permanganate. Hydro¬ 
genated rubber is soluble in benzene, ether, 
and chloroform, and insoluble in alcohol and 
acetone. Reduction can be carried out 
with reducing agents other than hydrogen, 
such as hydrogen iodide under certain 
conditions. Hydrogenated rubber can be 
used as a substitute for gutta-percha in 
electrical insulation, in insulating oils, 
in adhesives, in safety glass, and as an 
impregnating material. It can be vulcan¬ 
ized, and the vulcanized product has been 
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suggested for making printers rolls and 
machine cushioning. Exhaustive hydro¬ 
genation leads to the format.on of o.ls 
which can be used for motor fuels, Diesel 
oils, and lubricating oils. 

Hydrogenation. A particular form of 
reduction in which hydrogen is added to a 
substance by the direct use of gaseous 
hydrogen. The process is carried out with 
the aid of a catalyst and proceeds more 
rapidly at high pressures. The process is 
of great technical importance. It is used 
in the manufacture of petrol from coal, of 
margarine, of detergents, of methyl alcohol, 
and of many other chemical products. 

Hydrogenation of coal. This denotes the 
process by means of which the hydrogen/ 
carbon ratio of a material such as coal. tar. 
oil or spirit is increased and the boiling 
range of the oil altered. The alterations 
in their properties arc brought about by 
treatment at elevated temperatures in the 
presence of hydrogen under high pressure. 

The atomic ratio of disposable hydrogen/ 
carbon in a typical bituminous coal is about 
0 - 50 . whilst that for a typical motor spirit 
is about 1-0. In the hydrogenation of coal 
the process is carried out in two stages: the 
hydrogenation of the coal and the hydro¬ 
genation of the resulting oils. 

The raw coal is cleaned, crushed, and 
mixed with the catalyst (organic compounds 
of tin) and the pasting oil; this oil is 
obtained partly from product* of the ilrst 
stage, the rest being made up with low- 
temperature carbonization tar. The paste 
is then passed through heat exchangers and 
preheaters, mixed with hydrogen and 
injected under 250 atmospheres pressure 
into the converters. After treatment the 
gases arc removed and part of the filtered 
oil is used for pasting and the rest treated 
for the recovery of the light oils. The light 
fraction is further hydrogenated in Stage II. 
the vapour phase, in which case the pro¬ 
cedure is similar to that of the treatment of 
liquid materials such as tar and oils. Often, 
however, these latter are given an initial 
hydrogenation in the liquid phase. The 
catalyst here may be molybdenum sulphide 
supported on silica gel, or pelleted molyb¬ 
denum sulphide, or tungsten sulphide. 
Temperatures of about 450° are used and 
combined hydrogenation and controlled 
degradation take place in this phase. The 
outgoing products are reduced in pressure 
to release dissolved gases. The oil product 
is then distilled and the residue (B.P. >200°) 
returned to the converters as recycle oil. 

Amongst the liquid materials available 
for hydrogenation are : high temperature 
carbonization tar (H/C about 0-7), pitch 


(H/C about 0-5), low temperature carbon¬ 
ization tar (H/C about 1-1). 

Hydrogen bromide. See Hydrobromic acid. 

Hydrogen chloride, HCI. M.P. — 111-4°, 
B.P. — 85 0°. Prepared by the com¬ 
bustion of hydrogen in chlorine or more 
readily by the action of sulphuric acid on 
common salt. The gas may be purified by 
fractional distillation in vacuum. Hydrogen 
chloride is a colourless gas with a very 
irritating acid smell. The vapour density 
corresponds to the formula HCI. Thermal 
dissociation is small even at high tempera¬ 
tures (0-4 % at 1700°). 

The perfectly dry gas is without action 
on metals such as zinc and iron, although 
sodium burns in the gas with the formation 
of sodium chloride and hydrogen. The 
gas is very soluble in water (see Hydro¬ 
chloric acid), and two hydrates, HCI, 2II a O 
and HCI, H t O, ore known. 

Hydrogen electrode, normal. A hydro¬ 
gen electrode consists of a strip of platinum 
covered with an active layer of platinum 
black, over which hydrogen is allowed to 
bubble, while it is immersed in a solution 
containing hydrogen ions. If the con¬ 
centration of the latter is equal to unit 
activity and the gas is at 1 atmosphere 
pressure, the electrode potential is said to 
be normal and its potential is arbitrarily 
taken as zero. The electrode thus serves 
as the standard for evaluating the electrode 
potentials of other substances on the 
** hydrogen scale," i.e. with reference to the 
potential of the normal hydrogen electrode. 

Hydrogen fluoride, HI*'. A colourless 
and strongly fuming liquid of density 0-988, 
which boils at 10 4° and solidifies at — 92-3°. 
The anhydrous substance is not an acid ; 
it forms a non-conducting medium, but it 
is completely miscible with water. The 
resulting acid solutions conduct electricity. 
They yield on distillation an acid with a 
maximum boiling-point of 120°, which con¬ 
tains 35 % of HF. The anhydrous acid 
is obtained by heating the acid lluoride 
KF, HF. Owing to the great reactivity of 
hydrogen fluoride and of its aqueous solu¬ 
tions (both attack glass) they must be 
handled in platinum or lead apparatus. 
A solution of hydrofluoric acid is con¬ 
veniently prepared by distilling calcium 
fluoride with 90 % sulphuric acid from a 
lead retort and condensing the vapour 
evolved in a lead receiver containing water. 
Solutions of hydrofluoric acid arc used for 
etching or engraving glass. Etchings pro¬ 
duced by the liquid acid are clear, whereas 
those made by the vapour or by a mixture 
of ammonium fluoride with the water 
solution of the acid are opaque. Solutions 
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of hydrofluoric acid arc preserved in wax 
bottles. 

Hydrofluoric acid is used for the removal 
of silica (c.g. in analysis), which it converts 
to the volatile silicon tetrafluoridc. It and 
certain fluorides arc also used as antiseptics 
and for the preservation of wood. 

The fluorides, which arc the salts of hydro¬ 
fluoric acid, arc of two sorts, viz. the normal 
salts (c.g. NaF) and the acid salts (c.g. 
KHF t ). The structure of the HF," ion 
is believed to be F— H—F, the positive 
hydrogen ion forming a hydrogen bridge 
between the two very negative fluoride 
ions. In concentrated aqueous solutions 
the acid is mainly present in the form II,F,. 
In dilute solutions freezing-point measure¬ 
ments indicate the formula HF. The fluo¬ 
rides present notable differences from the 
salts of the other halogen acids. Calcium 
fluoride, for example, is practically in¬ 
soluble in water, whereas silver fluoride, 
unlike the other silver halides, is very 
soluble. 

Hydrogen iodide, HI. A gas which liquefies 
at atmospheric pressure at — 33-5’ to a 
colourless liquid. The Intter solidifies at 
— 50-0°. The liquid may be coloured violet 
by traces of iodine or brown by traces of 
water. The gas is very soluble in water, 
the saturated solution at 0 ° having a 
density of 1-90 and containing 00 % of HI. 
Di-, tri-, nnd tctrnhydmtcs may be separated 
by cooling the concentrated aqueous solu¬ 
tion. Caseous III may be prepared by 
heating hydrogen and iodine together at 
300°, when an equilibrium is established, 
the attainment of which is accelerated by 
the presence of spongy platinum, which acts 
as a catalyst (2HI H, + I t ). The gas 
is usually prepared in the laboratory by the 
action of water on a mixture of red phos¬ 
phorus and iodine. 

Aqueous hydrogen iodide behaves as a 
strong acid, and is known as hydriodic 
acid. It forms a solution of maximum 
boiling-point 120° at 70 cm. pressure, con¬ 
taining 57 % of HI. An aqueous solution 
of density 1-5 is commonly used, especially 
in organic chemistry, as a reducing agent. 
Both the gas and its aqueous solution arc 
decomposed by light in the near ultra-violet 
spectral range. A very convenient method 
of preparing aqueous hydriodic acid is by 
passing hydrogen sulphide into a suspension 
of iodine in water (H,S + 21 = 2HI + S). 
The sulphur which is precipitated may be 
filtered off and the acid solution concen¬ 
trated by distillation. 

Hydrogen-ion concentration. Hydrogen- 
ion concentration is measured as the number 
of gram molecules of hydrogen ions present 


per litre of solution (1 gm. molecule of 
hydrogen ion weighs 1 gm.). Since the 
concentration of hydrogen ions is usually 
small, e.g. 10 “*, the concentration is 
generally expressed as the logarithm of its 
reciprocal, which is called a p u value. Thus, 
if the hydrogen-ion concentration is 10 -* 
gm. mols. per litre, the />„ of the solution 
is 5. See Ionization of water. 

Hydrogen overvoltage. In electrolytic 
processes, in which evolution of hydrogen 
at a cathode takes place, the potential 
of the latter is usually different from the 
reversible hydrogen electrode potential. 
The cathode, when thus behaving as an 
irreversible electrode, is said to exhibit 
an overpotential or overvoltage. The 
potential difference between the irreversible 
cathode and the reversible hydrogen elec¬ 
trode in the same solution is termed the 
hydrogen overvoltage at this particular 
cathode. 

Hydrogen overvoltage depends on the 
electrode (its material, kind of surface, 
etc.), and grows logarithmically with the 
increase of current density. Owing to 
the negative sign of hydrogen overvoltage 
the evolution potential of hydrogen is 
shifted up the electrochemical scries enabling 
therefore the electrodeposition of such 
metals as Pb, Ni, Zn from the acid solutions 
on to cathodes of these metals. 

Hydrogen peroxide. Pure anhydrous hy¬ 
drogen peroxide is a clear colourless syrupy 
liquid, with an odour like that of nitric acid. 
It has D* 1-463 and B.P. 84’-85°/08 mm. 
It evaporates spontaneously in air. It 
forms a crystalline hydrate, II t O t , 2II 2 0, 
M.P.—51’. Hydrogen peroxide is now 
made in 90% solution. This has F.P. — 11", 
B.P. 140'' (decomp.), !)'• 1-393, wj 1-3998. 
When quite pure it is stable in the cold, 
decomposing at the rate of about 1 % a 
year at 30°, but 1% a week at 00’. Its 
decomposition is greatly accelerated by 
alkalis and by very small concentrations of 
heavy metals, and therefore by dust. It can 
be stabilized by adding acid or substances 
that remove heavy metal ions. It blisters 
the skin and may ignite combustible 
materials. It is conveniently stored in high 
purity aluminium. Hydrogen peroxide is 
more usually used in 3% (10 volumes), 0% 
(20 volumes), or 30 % solution (100 volumes). 
A 3 % solution gives off ten times its volume 
of oxygen on dissociation. Hydrogen per¬ 
oxide is prepared by the action of sulphuric 
acid on sodium or barium peroxide. It 
can most conveniently be concentrated by 
distillation in vacuo. It is soluble in ether. 
Hydrogen peroxide is a very powerful 
oxidizing agent, and has the advantage of 
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producing only water as a by-product. 
Concentrated solutions have been used to 
supplv the oxygen for rocket propuls.on 
systems. Dilute solutions are used in¬ 
dustrially for bleaching and many other 
purposes. See Jnd, Eng. Chem., 1947, 39, 

1536. ^ 

Hydrogen persulphide. Probably a mix¬ 
ture of II,S, and H,S„ it is a colourless oil 
of sp. gr. 1-376 obtained by pouring a 
solution of sodium polysulphide into dilute 
hydrochloric acid. It decomposes gradu¬ 
ally forming hydrogen sulphide and sulphur. 
A fraction distils at 74°-75° of composition 
ur § 

Hydrogen selenide, H*Se. M.P. — 61', 
B.P. — 42°. Prepared by the action of alu¬ 
minium selenide on 5N-hydrochloric acid. 
It is a colourless gas, with an abominable 
odour, causing headache, and scarification 
of the mucous membranes. It is soluble in 
water, to yield an acidic solution which will 
precipitate the selenides of the metals from 
solutions of their salts. 

Hydrogen sulphide, or Sulphuretted hydro¬ 
gen, II,S. A colourless gas of unpleasant 
smell of rotten eggs, and very poisonous. 
It is produced by decaying animal and 
vegetable matter, and is found in many 
mineral waters. Density MO. It is easily 
condensed to a liquid of B.P. — 60-7°, and 
of critical temperature + 100°. Its vapour 
pressure at 10° is 13-34 atm. It is usually 
prepared by the action of dilute hydro¬ 
chloric or sulphuric acid upon ferrous 
sulphide, FeS; 100 vols. of water at 20° 
dissolve 201 vols. of the gas. It bums in 
air with a blue flame, forming sulphur 
dioxide and steam. When mixed with 
moist sulphur dioxide it forms sulphur 
according to the equation 

2H,S + SO, - 2H.O + 3S. 

When passed into aqueous solutions of most 
of the heavy metals, it forms characteristic 
sulphides. It is very extensively used as an 
analytical reagent. It is readily detected by 
its smell and by its property of blackening 
alkaline solutions of lead salts. 

Hydrogen telluride, H,Te. Prepared by 
the action of aluminium telluride on hydro¬ 
chloric acid. It is a colourless solid, M.P. 
— 57°, B.P. 1-8®, D-* 9 2-57, soluble in 
water and ether, and easily dissociated into 
its elements. It reacts with solutions of 
metallic salts to form the telluridcs, but 
these are generally better prepared by 
heating the elements together in the pro¬ 
per proportions, as most of the tellurides 
are easily hydrolysed. 

Hydrolysis. In its most general sense, 
hydrolysis signifies a reaction between any 


K,. 


substance and water. It is often restricted, 
however, to those reactions directly due to 
the hydrogen and hydroxyl ions of the 
water. For example, nearly every salt 
yields a slightly acid or alkaline solution, 
due to hydrolysis. Thus, sodium acetate 
yields an alkaline solution, because the 
acetate ions combine with the hydrogen 
ions to yield the very weak acetic acid, and 
leave a solution containing excess of 
hydroxyl ions. The reaction may be 
expressed as follows: 

Na* + CH.COO- + 11,0 r* 

Na* + OH- + CII,COOII. 

Such a reaction may be considered from 
the standpoint of the Law of Muss Action. 
The hydrolysis of sodium acetate gives the 
equation 

[Na*][OH)[CH,COOH] 

lNa*HCH,C00][II,0) 

But the concentration of water may be 
considered constant, since it is present in 
a large excess, hence 

[OH-J[CH,COOHl 

(CH.COO-J " *' 

K, is an equilibrium constant. Such a 
constant may be derived from the equation 
of any reaction involving hydrolysis, and 
is termed the hydrolysis constunt. 

Hydrophilic colloid. Colloidal sols of 
proteins, carbohydrates, soaps, and other 
complex organic materials arc marked by 
considerable stability and arc not coagu¬ 
lated by small concentrations of electrolyte 
such as arc sufficient to destroy hydro- 
phobic or suspensoid sols such as those of 
metals or their sulphides. This stability 
is due to the existence of a sheath of dis¬ 
persion medium (water) which protects the 
hydrophilic (water-loving) particles. The 
essential difference between hydrophilic and 
hydrophobic colloids is that the former are 
not coagulated at the isoelectric point. 

Hydrophilic sols are characterized by a 
high viscosity, and often set to gels on 
cooling; it is possible to prepare hydro¬ 
philic sols which contain a high percentage 
of the dispersed colloid. 

Hydrophobic colloids. Sols of gold, 
arsenic sulphide, etc., are stable owing to 
the mutual repulsion arising from the like 
charges on all the colloidal particles. Such 
sols are not hydrated. On the addition 
of small concentrations of electrolytes, the 
charges on the particles become neutralized 
and coagulation takes place. Such sols are 
termed hydrophobic (water-hating), and 
have a viscosity equal to, or only slightly 
greater than, water. Hydrophobic sols 
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differ from hydrophilic sols in being co¬ 
agulated at the isoelectric point. It is 
normally possible to prepare hydrophobic 
sols in only low concentration. See Colloid. 
Suspcnsoids. 

Hydroquinone. C,H,0,. Colourless hexa¬ 
gonal prisms. M.P. 170-3°. I3.P. 

285°/730 mm. Readily soluble in 
alcohol, ether, and hot water, less ( | 
in cold water. An alkaline solution 
turns brown in air and reduces 
Fehling’s solution and ammoniacal ^H 
silver nitrate. With ferric chloride it is 
oxidized to quinone. It is best prepared 
from quinone by reduction with sulphur 
dioxide. It is used as a photographic 
developer. 

Hydrosulphurous acid, Hyposulphurous 
acid, 11,8,0,. This acid is known in 
aqueous solution only, is unstable, and is 
a very powerful reducing agent. Its zinc 
salt is prepared by the action of zinc dust 
on a solution of sulphurous acid, according 
to the equation 

2H.S0, + Zn - ZnS,0, + 211,0. 

Its sodium salt is obtained by reduction of 
sodium hydrogen sulphite with zinc dust, 
and also by the electrolysis of the same 
compound with a current of high density, 
after which sodium hydrosulphite, 

Na,S,0„ 211,0, 

can be salted out by sodium chloride. The 
sodium salt reduces |>ermanganatc and 
liberates the metal from solutions of silver, 
gold, and platinum salts. Copper sulphate 
solution is reduced with formation of copper 
hydride, Cu,H,. 

Hydroxonium ion. See Hydration of ions. 

Hydroxy- is a prefix used in organic 
chemistry to denote that the substance in 
question contains a hydroxyl (—OH) 
group. 

Hydroxyacetone. Sec Acetol. 

2-Hydroxyethylamine. SeeEthanolamines. 

Hydroxylamine, NH,OH. A colourless 
deliquescent solid. M.P. 33°, which explodes 
on heating and decomposes slowly, evolving 
nitrous oxide and nitrogen, at normal tem¬ 
peratures. Usually occurs as an aqueous 
solution containing up to CO % of hy¬ 
droxylamine, which is moderately stable. 
Prepared by the reducing action of tin and 
hydrochloric acid on nitric oxide, or by 
the reaction of nitrites and sulphites in 
aqueous solution; the hydroxylamine is 
solatcd as one of its salts (e.g. NH,OH, HC1), 
and is generally marketed in this form. 
Hydroxylamine is a very weak base, the 
salts being hydrolysed in solution. It 
generally acts as a strong reducing agent. 


but may under certain conditions act as 
an oxidizing agent, being itself reduced to 
ammonia. 

Hydroxyl radical. The univalent group 
— Oil, which exists in equilibrium with 
water vapour and its decomposition pro¬ 
ducts at about 1500", may be prepared 
by the dissociation of water vapour in the 
electrical discharge. 

2-Hydroxy-3-naphthoic acid, C„H,0,. 
The acid crystallizes in 
leaflets, M.P. 210°. It is 
sparingly soluble in hot 
water, and easily soluble 
in alcohol and ether. It 
is prepared by heating sodium /?-naphthoIatc 
at 250° under a pressure of 4 atmosphere* 
of carbon dioxide. The reaction is analo¬ 
gous to that in which salicylic acid is 
prepared. Its main outlet is for the pre¬ 
paration of its anilide, Naphtol AS, but 
it also has a limited application as an end 
component in a few azo-dyes. 

2 Hydroxy-8-naphthoicanilide, C l7 H ls O a N. 


/ X/Xn .OII 

\AJcooh 



It forms colourless leullcts, M.P. 243°- 
244°. It is insoluble in water, slightly 
soluble in alcohol, soluble in nitrobenzene 
and glacial acetic acid. It readily couples 
with diazotized aromatic bases after the 
manner of 0 -naphthol to give water- 
insoluble azo compounds. 

It is prepared by the action of a condens¬ 
ing agent such as phosphorus trichloride 
upon a mixture of aniline and 2 -hydroxy- 8 - 
naphtlioic acid in boiling toluene. 

It is usually known as Naphtol AS, and 
is a valuable second component for in¬ 
grained dyeing. The cotton is steeped in 
an alkaline solution of the compound, the 
excess solution squeezed off, and the 
material then immersed into a solution of 
the diazotized base. The dye is thus 
produced on the fibre. Naphtol AS has 
more affinity for the fibre than 0-naphthol, 
and in addition gives dyeings which are 
brighter and very fast to light and washing. 

Hydroxyplatinic acid. See Platinum 
oxides. 

Hydroxyproline, y-Hydroxy-a-pyrrolidine- 
carboxylic acid, C 6 H,0,N. 


HO—CH—CH, 

d^H. d:H cooh 

Yh 


Crystallizes in platelets, M.P. 270°. Soluble 
in water, slightly soluble in alcohol. The 
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naturally occurring product is lavoroU- 
tory, [a]” - 81 M°. While not strictly an 
amino-acid, it is commonly included in the 
list of those obtained by the hydrolysis of 
proteins. See “The Biochemistry of the 
Amino-Acids.” by Mitchell and Hamilton. 

2-Hydroxypropionic acid. Sec Hydr- 
ocrylic acid. 

Hydroxyquinol. M.P. 140 5° from ether. 
Aqueous alkaline solution rapidly ° H 
colours in air. Obtained with /Noil 
other products by heating hydro- 
quinone with caustic soda solu- ly) 
tion. OH 

8-Hydroxyquinoline. See Oxine. 

Hydroxysuccinic acid. See Malic acid. 

Hygrometer. An instrument for the 
determination of humidity. 

Hygroscopic. A term applied to sub¬ 
stances which, when exposed to moist air, 
absorb moisture from it with chemical 
combination or the formation of either a 
moist solid or a solution of the solid in water. 
Examples of hygroscopic materials are 
magnesium chloride and phosphorus pent- 
oxide. The former readily absorbs water 
from the air to give on aqueous solution of 
the salt; the latter combines chemically 
with the water absorbed, forming phos¬ 
phoric acid. 

Hygrostat. An instrument for maintain¬ 
ing constant humidity in a given region. 
The actuating member, which operates a 
valve of a suitable type in the water supply 
to the humidifier, may be of two types. 
The first is really a thermostat the two 
members of which operate at the wet- and 
dry-bulb temperatures respectively, and can 
be adjusted to maintain any required 
difference between these two quantities. 
The second type depends upon the change 
in dimensions of certain hygroscopic ma¬ 
terials with change in humidity. 

Hyoscine, Scopolamine, C 17 H„O t N. 



A syrup, miscible with water and organic 
solvents, [a] D — 28° in water. It is an 
intensely poisonous alkaloid obtained from 
various species of Datura and Scopola. 
In its medical action it resembles the 
closely related compound atropine. 

Hyoscyamine, Ci 7 H„0,N, is a lxvo- 


fcH,—CH- 


-CH, 


CH, 


N • CH, d)H O CO CH 
-CH-CH, 


H,OH 

.H, 


rotatory alkaloid occurring in belladonna, 
hyosevamus, and other solanaccous plants. 
Colourless needles, M.P. 108-5°. Soluble 
in alcohol, less soluble in water, (a]', — 22 
in 50 % alcohol. It is easily raccmizcd by 
alkalis into its optically inactive isomer, 
atropine. Its physiological action is similar 
to, but more intense than, atropine. 

Hyperglycemia. The amount of sugar in 
human blood keeps very constant at 0 08- 
0 12 %. If it rises above 0-14 %, as in 
diabetes, the condition is known as hyper¬ 
glycemia. 

Hypo. A name for sodium thiosulphate. 

Hypobromous acid, HBrO. When mer¬ 
curic oxide is shaken with bromine water, 
a solution of hypobromous acid is obtained ; 
by this means the concentration of HBrO 
does not exceed fl %. The solution may 
be distilled in vacuum at 40°. It is a straw- 
coloured liquid, a powerful oxidizing and 
bleaching agent, and decomposes on heating 
into bromine and bromic acid. 

Hypobromites are obtained by dissolving 
bromine in cold aqueous caustic soda or 
potash. Bromide is formed at the same 
time. These solutions are used os oxidizing 
agents. Slaked lime absorbs bromine to 
give a red powder, similar to bleaching 
powder, containing probably CaOBr,. 

Hypochlorous acid, IICIO. Solutions of 
chlorine in water contain free hypochlorous 
acid, to which they owe their bleaching 
properties. The acid is known only in 
solution, and is obtained by shaking 
chlorine water with yellow precipitated 
mercuric oxide and distilling. The solution 
is pale golden-yellow, or colourless when 
dilute. A N/10 solution is ionized to the 
extent of only 0 02 %. The concentrated 
solutions decompose on heating or exposure 
to sunlight with the evolution of chlorine 
and oxygen, and the formation of a little 
chloric acid. 

Dilute solutions of the alkalis (e.g. NaOH) 
absorb chlorine with the formation of chlo¬ 
rides and hypochlorites; with excess of 
chlorine free hypochlorous acid is produced. 
Hypochlorous acids and its salts are power¬ 
ful oxidizing and bleaching agents. Several 
of the salts arc known in the solid state, 
e.g. sodium hypochlorite, NaOCI, 0H,O. 

Hypogeic acid, C„H, 0 O,. An unsatur- 
ated fatty acid belonging to the oleic acid 
series that occurs as glycerides in peanut 
oil and maize oil, M.P. 33°. 

Hypoglycemia. If the amount of sugar 
in human blood drops below 0-0G %, the 
condition is called hypoglycemia. This 
condition is very dangerous, and leads to 
convulsions. It occurs in one instance 
when an overdose of insulin is taken. 
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Hypoiodous acid, HIO. This compound 
is believed to exist in the yellow solution 
obtained by dissolving iodine in cold dilute 
alkali. A hypoioditc is probably first formed 
(c.g. I, + 2KOH ^ KI + KOI + 11,0), and 
is then hydrolysed. A dilute solution of 
the acid may be prepared by shaking iodine 
with a suspension of freshly prepared mer¬ 
curic oxide, and filtering. The acid is 
known only in solution. It has pronounced 
oxidizing properties, and is in general 
analogous to hypobromous and hypo- 
chlorous acids. 

Hyponitrous acid, H,N,O a . Sodium hy- 
ponitrite, Na t N,O t , the sodium salt of 
this acid, is prepared by the action of 
sodium amalgam on sodium nitrite solution, 
or by passing nitric oxide through a solution 
of sodium in liquid ammonia. Yellow- 
silver hyponitrite, Ag t N,O a . is precipitated 
from the aqueous solution by adding silver 
nitrate, and the silver salt is added to a 
solution of hydrogen chloride in dry ether; 
crystallization of the ether solution gives 


I IN—CO 


HC 
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colourless crystalline hyponitrous acid. 
The solid is explosive, and the aqueous 
solution readily dccom|>oscs giving nitrous 
oxide. The alkali metal salts arc stable 
white crystalline solids. 

Hypoxanthine, 6-Oxypurine, C 4 II 4 ON 4 . 

Crystallizes in colourless 
needles, decomposing at 
150°. Sparingly soluble 
in cold water, more 
soluble in hot. It is a 
breakdown product of 
nucleoprotein metabolism, 
being formed from adenine by the action 
of the enzyme adenose. Sec " Nucleic 
Acids,” by Jones, and “ Nucleic Acids," by 
Lcvenc and Bass. 

Hysteresis. A term used to describe a 
state of a solid in which an effect docs 
not take place instantaneously with the 
cause tending to produce the effect; gener¬ 
ally used to denote the lag of magnetization 
of a specimen behind the applied magnet¬ 
izing field. 


N—C— N 


Ice. The solid form of water. The 
transition point between liquid and solid 
water at one atmosphere pressure is defined 
ns 0° on the Centigrade scale. This tem¬ 
perature is lowered by increasing the 
pressure. By crystallization of water 
under greatly increased pressure it is 
possible to obtain nt least four forms of 
solid water which arc physically distinct 
from ordinary ice (lee I). These mnk as 
distinct phases and their equilibrium re¬ 
lationships have been studied. Sec "The 
Phase Rule and its Applications.’* by Alex¬ 
ander Findlay, eighth edition, 1038, p. 51. 

Ichthammol is a nearly black viscous 
liquid containing about 50 % of total 
solids consisting chiefly of the ammonium 
salts of the sulphonic acids of an oily 
substance prepared by the destructive 
distillation of fossil fish deposits. It is 
given internally os an intestinal antiseptic, 
but its chief use is as an external applica¬ 
tion in chronic skin diseases. It is also 
used in the form of a pessary for leucor- 
rhcea, and as an ointment in conjunction 
with zinc oxide for burns. 

Idose. See Hexosc. 

Illinium, II. The name given to the 
element of the rare-earth group with atomic 
number 01 , the natural existence of which is 
doubtful, although several workers have 
claimed its discovery. Radioactive iso¬ 
topes of the element have been obtained 
among the fission products of atomic piles. 


I 


These have half-lives of 3*7 years (Atomic 
weight 147) and 47 hours (At. wt. 140). 

Ilmenite, FcO, TiO„ forms black rhom- 
bohedral crystals with two molecules in 
the unit cell: a - 5-40 a., b - 55° T, the 
structure resembling corundum. The tita¬ 
nium is in six-co-ordination as in the 
three forms of titanium dioxide. The crys¬ 
tals arc often plnty, granular, and weakly 
magnetic, sp. gr. 4-3, hardness 5-5-6. 
Very common as a dctrital mineral in clays. 
Imides are organic nitrogen-containing ring 

/° 

compounds containing the group )NH. 

-cc 

N 0 

They arc formed by heating dibasic acids 
or their anhydrides with ammonia. The 

hydrogen atom of the ^>NH group is acidic 

and can be replaced by a metal. Mild 
hydrolysis breaks the ring to give the half 
amide of the acid. See succinimide and 
phlhalimide. 

Iminazole ring. See Glyoxaline. 

Imino, the name given to the group 


\ 

/ 


NH where the nitrogen atom is part 

of a ring system or is united by both 
valencies to a single carbon atom. Such 
compounds as R—C—NHR are usually 

O 
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regarded as substituted amides and not 
as imino compounds. 

Impact resistance is not a standard pro¬ 
perty of a substance, but is of great engin¬ 
eering importance, as it gives a measure of 
the capacity of the substance to withstand 
shock or impact. The unit of measurement 
is often given by the Izod Number. 

Indamines. These are blue and green 
dyestuffs obtained by the oxidation of 
1 molecule of a p-diamine with 1 molecule 
of an aromatic amine or by the interaction 
of a p-nitrosamine with an aromatic amine. 
A typical indamine is phenylenc blue, 

nh^— ^ y - "ON* 

which is obtained by the oxidation of 
p-phenylcnediamine with aniline hydro¬ 
chloride. The indamines yield safranines 
on boiling with aniline hydrochloride solu¬ 
tions. They arc not themselves important 
dyestuffs. 

Indantbrene, Indanthrone, Indanthrene 
blue R, Caledon blue R, Duranthrene blue. 
A blue vat dyestuff 
produced by fusing 2 - 
nmino - anthraquinonc 
with caustic potash at 
200°-250° and sub¬ 
sequent oxidation in 
nn air current. In practice potassium 
nitrate or chlorate is added to the inclt. 
Indanthrene has the constitutional formula 


CO 



It is a dark blue powder, very 
slightly soluble in organic sol¬ 
vents, and is very stable. It 
dyes cotton from an alkaline 
hydrosulphite vat or from an 
alkaline vat reduced with zinc 
dust. In cither case the cotton 
is dyed blue by the dihydro¬ 
derivative, which is oxidized to 
indanthrene on exposure to air. The dye¬ 
ings are much faster than indigo. 

Indanthrene red BN. A red vat dye 
having the formula shown on next column. 
It is prepared by condensing 1 -chloroanthra- 
quinonc- 2 -carboxylic acid with 0 -naphthyl- 
aminc in presence of copper powder, and 


subsequently treating the condensation pro 
duct with phosphorus pcntachloride. 



Indene resins. See Coumaronc and indenc 
resins. 

Indene ring system. The system 
CH, 



numbered as shown. 

Indian fire. A mixture of potassium 
nitrate (24 parts), sulphur (7 parts), and 
arsenic disulphide (realgar) (2 parts); used 
in the manufacture of signal lights. 

Indian hemp. Cannabis Indica, consists of 
the dried flowering and fruiting tops of 
Cannabis saliva, a native plant of India. 
It is also known under the names of guoza, 
ganja, bhang, and hashish. Indian hemp 
possesses narcotic and anodyne properties; 
it affects the central nervous system, pro¬ 
ducing first excitement with pleasurable 
hallucinations followed by deep sleep. When 
combined with chloral hydrate it relieves 
restlessness due to mental worry. It is a 
drug of addiction, and when the herb is 
smoked, it produces pleasurable excitement 
followed by lethargy and depression. 

Indican, Indoxyl-0-glucoside, C I4 H it O,N. 

A glucoside occurring in woad, from which 
it is conveniently extracted with acetone. 
It crystallizes in colourless needles with 
three molecules of water. M.P. 57°-58 5 
(170°-178°, anhydrous). It is hydrolysed 
by dilute acids and by suitable enzymes 


to indoxyl and glucose. It is the parent 
substance of natural indigo. 

Indican. Indican is also the name for 
the potassium salt of indoxyl sulphuric acid, 
C,H 4 OjNSK. Glistening leaflets, soluble in 
water, sparingly soluble in alcohol. Indoxyl 
is toxic, but when conjugated with potas¬ 
sium sulphate to form indican it is excreted 
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in a form harmless to the body, as one of 
the ethereal sulphates. The excretion of 



indican is a measure of the amount of 
putrefaction occurring in the intestine. 

Indicator. In its broadest sense an 
indicator is a substance which allows the 
progress of a chemical change to be followed, 
but it is generally meant to indicate a 
substance which marks a precise stage in a 
chemical reaction, usually by a change of 
colour, or fluorescence of a solution, or by 
the alteration in the nature of a precipitate. 
For example, methyl orange, an indicator 
used in the neutralization of acids with 
bases, is red when the concentration of 
hydrogen ions is not less than 10-* 1 
(P 11 = 3-1), and gradually changes through 
orange to a full yellow colour as the p u 
increases to 4-4. 

Indicators, achromatic. These arc sub¬ 
stances which give u grey end-point, and 
generally And application when turbid 
liquids are being titrated. 

Indicators, adsorption. Precipitates have 
a tendency to adsorb their own ions. Thus 
if a little chloride is added to a solution of 
silver nitrate, the silver chloride formed 
becomes positively charged by the ad¬ 
sorption of silver ions from the solution. 
If fluorescein is present in the solution, this 
will in turn be adsorbed by the positively 
charged precipitate, turning it red or 
pinkish. As soon as chloride ions are 
present in excess, all the silver ions ad¬ 
sorbed by the precipitate will be converted 
into silver chloride, and the precipitate 
will become negatively charged owing to 
the adsorption of chloride ions. When this 
occurs, the fluorescein will go back into 
solution, in which it has a yellow-green 
colour, and the precipitate will appear 
white. Substances, such as fluorescein in 
the above example, which mark the 
equivalence-point in a precipitation re¬ 
action by adsorption or desorption from 
the precipitate, are called adsorption in¬ 
dicators. 

Indicators, colour. These are nearly all 
organic compounds which behave as weak 
acids or bases, and have different colours 
in the undissociated and ionic forms. In 
solution there is an equilibrium between 
these forms, the position of which is 
influenced by the concentration of hydrogen 
or hydroxyl ions. The acidity or alkalinity 
of the solution, that is, the hydrogen-ion 


concentration, may thus be estimated 
from the colour. The colour change is 
generally restricted between narrow limits 
of hydrogen-ion concentration. 

Indicators, external. Sec Indicators, in¬ 
ternal. 

Indicators, fluorescence. Substances which 
indicate changes of hydrogen-ion concentra¬ 
tion, etc. by an alteration in the intensity or 
colour of their fluorescence in daylight or 
ultra-violet light are termed fluorescence 
indicators, and find a wide application in 
the titration of deeply coloured or turbid 
fluids, such as wine and fruit juice, and 
many industrial liquids. The fluorescence 
of acridine, for example, changes from green 
to violet in the p„ range 4-8-5 0. 

Indicators, inorganic precipitation. Such 
indicators arc generally salts of heavy 
metals which give a marked precipitation 
of the hydroxide of the metal in the presence 
of the slightest concentration of hydroxyl 
ions. 

Indicators, internal. Indicators such as 
methyl orange, which arc used in the solu¬ 
tion which is being investigated, are termed 
internal indicators to distinguish them from 
external indicators, like potassium ferro- 
cyanidc, which are kept outside the solution, 
the condition of which is ascertained by 
removing an insignificant proportion of it 
on the tip of a glass rod, and adding it to 
a drop of the indicator usually on a white 
porcelain tile. 

Indicators, mixed. In order to sharpen 
the colour change, or restrict the p n range 
over which it occurs, two or more indicators 
may be mixed in suitable proportions (sec 
Kolthoff, “Volumetric Analysis,” Vol. II, 
p. 02 , for a list of such mixed indicators). 

Indicators, oxidation-reduction. These 
are substances which undergo an oxidation 
or reduction stage which is thermodyna¬ 
mically reversible ; they arc usually or¬ 
ganic substances which have a coloured, 
quinonoid structure in the oxidized form. 
A substance of this type has a definite 
range of values of potential, over which it 
exhibits its colour change, the transition 
interval of the indicator. If the potential 
at the equivalence-point of the redox 
reaction to be studied lies within this 
transition interval, then usually the par¬ 
ticular substance is suitable as an oxidation- 
reduction indicator for the reaction. 

Indicators, screened. In order to sharpen, 
or render easily visible, the colour change of 
an indicator, the indicator solution may be 
mixed with a solution of a suitable dye, 
which is itself unchanged in colour during 
the titration, but acts as an effective colour 
filter. For example, the colour change in 
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methyl orange is improved considerably by 
the addition of a small proportion of 
methylene blue. 

Indicators, turbidity. Certain weak or¬ 
ganic acids of great molecular weight are 
insoluble in water but easily soluble in very 
dilute alkali. The addition of an acid to 
the alkaline solution causes the flocculation 
of the insoluble acid over an exceedingly 
narrow range of hydrogen-ion concentration 
(the precipitation interval). Indeed, the 
commencement of precipitation is generally 
so well marked (precipitation-, turbidity-, or 
flocculation-point) that it denotes a definite 
hydrogen-ion concentration in the solution. 
The same considerations apply mutatis 
mutandis to the behaviour of the analogous 
bases towards hydroxyl ions. These indi¬ 
cators are unfortunately of a colloidal 
nature, and factors which influence the 
precipitation of colloids also affect the 
position of the turbidity interval, so that 
their applications are severely restricted. 
They may be used with advantage in titra¬ 
tions involving such substances as glycine, 
veronal, and boric acid, where the change 
in Ph at and near the equivalence-point is 
slow. 

Indicators, universal. A mixture of indi¬ 
cators selected to give a gradual but well- 
marked scries of colour changes over a very 
wide range of hydrogen-ion concentrations, 
so that the latter may be rapidly estimated 
from the particular hue assumed by the 
indicator in contact with any solution. A 
typical universal indicator consisting of a 
mixture of suitable proportions of methyl 
orange, methyl red, broin-thymol blue, 
naphtholphthulcin, phcnolphthalein, and 
cresolphthalcin changes from red to blue 
through the spectrum colours in the range 
p„ 3 0 to 11-5. 

Indigo, C 1# H 10 O,N t . 


CO CO 



Important blue vat dyestuff. Insoluble in 
water, sublimes on heating with a purple 
vapour. Slightly soluble in high-boiling 
organic solvents, e.g. quinoline, chloro- 
naphthalene. On treatment with alkaline 
sodium hydrosulphite solution indigo dis¬ 
solves to a colourless solution of indigo 
white. Reoxidation of the solution with 
air or other oxidizing agents precipitates 
indigo. 

It can be obtained from the leaves of the 
indigofera species of plant, from which a 
glucoside, indican, can be extracted with 


water. The water extract is oxidized in the 
air, and indigo is deposited after a series of 
reactions in which the glucoside is first 
broken down by a natural enzyme. It is 
now exclusively manufactured by a syn¬ 
thetic process from anthranilic acid either 
( 1 ) by treating with chloroacetic acid to 
give phenylglycine-o-carboxylic acid, which 
is converted to indigo by treatment with 
caustic soda, or (2) by treating with 
formaldehyde, bisulphite, and potassium 
cyanide, which also results in the formation 
of phenylglycine-o-carboxylic acid. Fusion 
of the latter with sodamidc gives a better 
yield of indigo. 

Indigo is applied by steeping the material 
in the alkaline solution of indigo white, 
which has good affinity for the fibre, and 
then withdrawing the fibre from the solu¬ 
tion and allowing it to oxidize in the air to 
the insoluble indigo. 

Many substituted indigos are also used in 
dyeing, substitution of the aromatic nucleus 
by halogen increasing the uffinity of the 
reduced vat solution for the fibre. Thio- 
indigoid dyes, which have sulphur atoms 
replacing the —NH— groups in the indigo 
molecule, arc also in general use. 

Indigo carmine, sodium indigodiaulphon- 
ate, C„H,O.N t S t Na a . 



A blue powder, soluble in 100 parts of 
water, insoluble in alcohol. Obtained by 
sulphonating indigo. It has been super¬ 
seded as a dyestuff, but can be used as an 
acid-alkali indicator (p„ 11 - 0 , blue to 
14-0, yellow) ns an oxidation-reduction 
indicator, and as a colouring matter for 
foodstuffs. Medicinally, under the name 
of indicarmine, it is injected as a test for 
kidney efficiency. 

Indirect ammonia recovery process. In 
this process for the recovery of ammonia 
from coal gas, the whole of the gas after 
removal of the tar is washed with water so 
that all the ammonia is regained as am¬ 
monia liquor. 

This liquor may be treated in two ways : 

(1) For the preparation of concentrated 
ammonia liquor. 

(2) For the production of sulphate of 
ammonia crystals as in the semi-direct 
process for ammonia recovery. 

Indirubin, Indigo red. A minor constit¬ 
uent of natural indigo. Is a /3-indigcnide 
of pseudo-isatin, and can be prepared from 
pseudo-indoxyl and pseudo-isatin according 
to the equation on the next page. 
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It is nn isomer of indigo nnd crystallizes 
from aniline in chocolate-brown needles. 

Indium, In. At. no. 49, At. wt. 114-70. 
A soft white metal, which melts at 155° and 
has a boiling-point higher than that of zinc 
or cadmium. The clement docs not occur 
in nature in the free state, and its com¬ 
pounds are exceedingly rare. It occurs 
in small amounts in certain specimens of 
zinc blende. The separation is complex, 
but the essential step is the precipitation 
of the hydroxides of iron and indium from 
an acid solution of the zinc mineral from 
which copper, lead, cadmium, etc., have 
already been precipitated by hydrogen 
sulphide. Indium colours the Bunsen 
flame an intense blue, the most prominent 
lines in the spectrum being at XX 4511-5 
and 4102 a. The metal is stable in oxygen 
at room temperature, but forms the sesqui- 
oxide, In t O„ when strongly heated. It 
combines with chlorine with incandescence 
to form the chloride InCI,. Indium has 
a maximum valency of three, but also 
exhibits valencies of one and two. The 
metal dissolves in dilute acids with evolution 
of hydrogen. 

Indium, detection ol. Indium hydroxide, 
In(OH)„ is formed as a white precipitate 
on adding ammonia or sodium hydroxide 
to solutions containing the trivalcnt indium 
ion. The precipitate dissolves in excess 
of sodium hydroxide, but is reprccipitatcd 
on boiling. Hydrogen sulphide in neutral 
or acetic acid solution precipitates the 
sulphide In,S„ which has a yellow colour 
resembling that of cudmium sulphide. 
Cupferron precipitates white needles (M.P. 
90”) from acid solutions of indium salts. 
The element is also readily detected spectro¬ 
scopically by the prominent blue line at 
4511-5 a. The quantitative estimation of 
indium is based on its precipitation as 
hydroxide and conversion to trioxide, on 
its precipitation as the sesquisulphide, or 
on the electrolytic deposition of the element. 

Indium halides. Indium forms halides 
in which it is mono-, di-, or tri-valcnt. In 
the case of chlorine the three compounds 
InCI,, InCl a , and InCI are known. The 
trichloride is formed by heating the metal 
in chlorine and forms white plate-like 
crystals which melt at 58G°, and dissolve 
readily in water. The dichloridc is obtained 
by heating indium at 200° in a stream of 
hydrogen chloride, and forms colourless 
crystals which melt at 235°. It is de¬ 
composed by water into metallic indium 


and the trichloride. The monochloride, 
which is prepared by passing the vapour 
of the dichloride over the heated metal, is 
similarly decomposed by water. 

Indium oxides. Three oxides of indium 
arc known, the forinulse of which are In,(), 
InO, and ln,0,. The sesquioxide, InjO,, 
is formed when the element is strongly 
heated in the air, or when the hydroxide 
In(OH), is precipitated from a solution 
containing trivalcnt indium by means of 
ammonia, and ignited. The oxide InO 
is formed when the sesquioxide is reduced 
with hydrogen at 300°. When heated in 
vacuum at 700° the sesquioxide yields the 
monoxide, In t O. The sesquioxide is yellow 
when cold but red when hot. All the oxides 
arc fusible only with difficulty and arc 
volatile only nt high temperatures. The 
two lower oxides are readily oxidized to the 
sesquioxide. 

Indium sulphate, In,(S0 4 ),. This com¬ 
pound is known as the unhydrous salt and 
also as the hydrate, In,(S0 4 )„ 911,0. 
Its chief interest lies in the fact that on 
mixing with solutions of rubidium, cicsiuin, 
or ammonium sulphates nnd crystallizing, 
alums (c.g. (NH 4 ),S0 4 , In,(S0 4 )„ 2411,0) 
arc obtained. Solutions of these alums 
arc decomposed nt the boiling-point with 
deposition of indium hydroxide. 

Indium sulphide, In,S,. The sesqui- 
sulphidc, In,S„ is a red solid which melts 
at 1050° ± 3°, and is formed by heating 
indium in a sealed tube with an excess of 
sulphur. Treatment of weakly acid solutions 
of indium salts gives a hydrated sulphide, 
which resembles cadmium sulphide. The 
sesquisulphide of indium is reduced by 
hydrogen to the monosulphide, In,S. 

Individual plate efficiency. Murphree 
( Jnd. Eng. Chan., 1925, 17, 747) defines 
this as the ratio of the change in composi¬ 
tion of the vapour which takes place in 
passing through any plate in a distillation 
column to the change in composition which 
would take place if the vapour, after passing 
through the plate, were in equilibrium with 
the liquid on it. 

Indole, C,H 7 N. Crystallizes in leaflets. 
M.P. 52°, B.P. 253°-254 <> , 

soluble in hot water, alcohol, _CU 

and ether. It occurs in coal 

tar, in various plants, and in ch 

faices, being formed by the k /\/ 

action of the intestinal bac- NH 

teria on tryptophan. It can 

be prepared by reducing isatin with zinc 
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dust, and by the action of dichloro-cthcr 
on aniline. 

Indole-iS-acetic acid. Indolylacetic acid. 
Heteroauxin. See Auxin. 

IndoUzine ring system. The system 



numbered as shown. 

Indophenol oxidase is an enzyme widely 
present in animal tissues and in plants; it 
gives a blue (indophenol) colour with p- 
phcnylencdiamine and a-naphthol. Hence 
the name, hardly a satisfactory one. It 
is of importance, since it is considered to 
constitute, together with cytochrome, the 
intracellular catalytic system, more com¬ 
monly colled Warburg’s oxidation system of 
the cell. 

Indoryl, C,H,ON. 


or 




Yellow crystals, M.P. 85% soluble in water 
and alcohol. It occurs in woad as the 
glucosidc indican, and in mammalian urine, 
combined with sulphuric acid, as an ester, 
olso called indican. It arises in the body 
from the bacterial decomposition of trypto¬ 
phan. 

Indulines. Indulines arc important colour¬ 
ing matters obtained by heating aminoazo- 
benzene with a mixture of aniline and 
aniline hydrochloride. According to the 
proportions of the ingredients and condi¬ 
tions under which the indulinc melt is 
carried out, various shades of blue arc 
obtained, such as Indamine Blue and In- 
duline Blues 3B and GB. These arc azincs 
which may be considered as anilidophenyl- 
phenosafranines. The formula for Indulinc 
Blue GB, for example, is 



,NHC,H S 

'NHC,H, 


The induline chlorides are soluble in alcohol, 
but not in water, and are used for colouring 
spirit varnishes. On sulphonation they 
form water-soluble indulines, which are 
acid dyes for wool. 


Industrial methylated spirit. See Methyl¬ 
ated spirit. 

Infra-red radiation. Light of frequencies 
less than about 10 ,s per see., i.e. of wave¬ 
lengths greater than about 8000 a., is called 
infra-red radiation. It is invisible to the 
human eye, but possesses considerable 
penetrating power, and photographic plates 
may be sensitized towards it, so that it 
finds application in long-distance photo¬ 
graphy. 

Infusions. Infusions are dilute solutions 
containing the water-soluble extractive 
of vegetable drugs, and arc prepared by 
macerating drugs in distilled water. 

Ingold, Christopher Kelk (1803- ). 

Bom in Sussex, Ingold was educated at 
University College, Southampton, and the 
Imperial College of Science and Technology, 
London. lie was appointed research 
chemist, Cassel Cyanide Company ( 1018 ), 
lecturer in chemistry, Impcriul College of 
Science (1020), professor of organic 
chemistry, Leeds (1024), and professor of 
chemistry. University College, London 
(1930). His researches cover a wide field, 
including work upon the glutaconic acids, 
hydrolysis of carboxylic esters, deuterium, 
and the structure of aromatic compounds, 
He was awarded the Meldola Medal in 1022 
and elected F.R.S. in 1924. 

" Ingrain ” dyes. . To this group belong 
all those dyestuffs the last stage in the pro¬ 
duction of which is carried out on the fibre. 
They can be divided into : 

(а) Ice colours, produced, generally on 
cotton, by impregnating the fibre with the 
secondary component of an azo-dye, and 
“ developing ” the colour by immersion in 
an ice-cold bath of a dinzonium salt. 

(б) Direct cotton dyes containing a free 
amino group first applied to the fibre nnd 
then diazotized and developed with a 
secondary component. 

These two processes, which arc comple¬ 
mentary, both yield fast insoluble colours. 

(c) Aniline black, formed by the oxidation 
of an aniline salt. It is produced either by 
oxidizing the fibre impregnated with the 
salt or by heating the fibre with a solution of 
aniline containing an oxidizing agent. 

Typical examples are: Para colours, 
Para nitraniline Red, Naphtol AS, etc. 

Inorganic. Inorganic chemistry is the 
chemistry of the compounds of all elements 
other than carbon. Certain simple carbon 
compounds, such as the carbonates and the 
cyanides, are usually regarded as inorganic 
compounds, but in general it can be stated 
that any compound containing more than 
one carbon atom in the molecule comes in 
the domain of organic chemistry. 
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Inosine, Hypoxanthosine, Hypoxanthine 
riboside. 

HN—CO 

H<t C—N 


LL> 


-CH 


OH OH 
-CH-ill- 


I-O 


CHCII.OH 

J 


Crystallizes in long needles, M.P. 218°. 
Soluble in warm water, sparingly soluble in 
most other solvents. It is a nucleoside 
consisting of one molecule of hypoxanthine, 
combined w ith one molecule of d -ribose. It 
is formed by deamination of adenosine. See 
Nucleoproteins. 

Inosinic acid, Inosine-phosphoric acid. 



A nucleotide, consisting of a molecule of 
hypoxanthine connected through D-ribose 
to phosphoric acid, to which substances it 
breaks down on hydrolysis. It is a break¬ 
down product of nucleoproteins. 

Inositols, C«H ls O„ arc hcxahydropoly- 
hydroxybenzenes. They arc found asso¬ 
ciated with the sugars, have a sweet taste. 


H OH 

I_I 

HO /I |\ H 

1/ OH H \l 

|\ OH H /[ 

H \|_ j/ OH 

H OH 


and are water-soluble, high-melting crystal¬ 
line compounds. Consideration of the 
formulx indicates nine possible stereoisomers: 
of these 6evcn are optically inactive forms 
possessing a plane of symmetry, two are op¬ 
tically active and mirror images of each 
other and correspond to the natural d - and 
/- forms of inositol. Six of these nine forms 
predicted have been described. 

d-inositol crystallizes in prisms, M.P. 
247°, [a] D + 68°. 

/-inositol crystallizes in needles, M.P. 
247° [<x] D - 65°. 

meso or t-inositol, also termed dambose, 
nucite, is widely distributed in plants and 
animals. It crystallizes in bunches of 
needles, M.P. 225°. There are two other 
meso forms. See Armstrong’s “ Carbo¬ 
hydrates.” 

Insulin. The hormone secreted by the 
Islets of Langerhans in the pancreas, the 


absence of which leads to the disease 
diabetes. The action of insulin and the 
causes of diabetes are not known for certain, 
as some cases of diabetes occur in which 
insulin is found in the body in normal 
amounts, though it can be safely stated 
that absence of insulin invariably causes 
diabetes. Insulin has no uction if taken by 
the mouth, as it is destroyed by the intes¬ 
tinal enzymes. If injected it causes a rapid 
fall in the blood sugar, by causing excessive 
oxidation of carbohydrate and storage of 
glycogen in the muscles. It also inhibits 
the production of carbohydrate from non- 
carbohydrate sources. Too large a dose of 
insulin causes death from convulsions. 
Insulin is manufactured commercially from 
beef pancreas. It has been obtuined 
crystalline, M.P. 233°, and is Ixvorotatory. 
It is a protein, with a molecular weight of 
about 35,100 and an isoelectric point of 
5-3-5*35. It can be estimated by observing 
the quantity required to reduce the blood 
sugar level of rabbits or mice to the con¬ 
vulsive level in a given time compared with 
a standard preparation of insulin. See 
" Insulin." by Hill and Howitt. 

Intensive drying. H. B. Baker dried 
a number of organic liquids by exposing 
them to phosphorus pentoxide for periods 
of years, and then examined their physical 
properties, some of which were apparently 
profoundly altered. Such prolonged drying 
is termed intensive drying. 

Interatomic distances. The distance 
between the nuclei of two adjacent atoms 
in a molecule or a crystal can sometimes be 
measured by X-ray analysis, electron dif¬ 
fraction, analysis of spectra, orothcr physical 
methods. In many of the organic com¬ 
pounds the distance between two ndjacent 
carbon atoms has been measured with an ac¬ 
curacy of from 0 01 to 0 03 Angstrom units. 
In the aliphatic compounds the distance 
between two carbon atoms united by a 
single bond is usually 1-54 a. ; the distance 
between two carbon atoms united by a 
double bond is usually 1-33 a.; and the 
distance between two carbon atoms united 
by a triple bond is usually 1-20 a. In 
benzene the distance is 1-39 a., which is 
intermediate between, but not the arith¬ 
metic mean of, the distances associated 
with a single or a double bond. The 
following table shows that the interatomic 
distance between carbon atoms, or bond 
length, may be almost anything between 
that of a single bond or a double bond. 
The conception of the fractional character 
of a bond seems to be justified by the 
evidence afforded by physical methods: 
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c—c 

diamond, aliphatic 



hydrocarbons 

154 

C—C,H, 

dibenzyl 

1 54—1-47 

C—C 

phthalocyanine (not 



benzene rings) 

1-49—1-45 

C—C.H, 

stilbenc 

1-45—1-44 

C—C 

oxalic acid 

1-43 

C—C 

graphite 

1-42 

c—c 

naphthalene, anthra¬ 



cene . 

141 

C—C.H, 

to I a no ... 

1-40 

C—C 

benzene 

1 39 

C—C 

stilbene 

1 35—1 83 

c=c 

ethylene 

1-83 

c—c 

acetylene, tolane 

1 20 


See Robertson, J.C.S., 1938, 131. 

Interfacial angles, constancy ot. The 
angle between any particular pair of faces 
of a particular crystal is constant and is 
a characteristic of the substance composing 
the crystal. It does not depend on the 
size of the crystal. 

Interhalogen compounds. Compounds 
formed by the halogen elements with one 
another. Such compounds are of four 
types; AB, AB„ AB„ and AB,. The 
known representatives of the first type are 
C1F, BrF, CIBr, C1I, and IBr. Three 
compounds of the second type arc known, 
viz. CIF„ BrF„ and ICI„ while of the third 
type there are only two known examples, 
viz. BrF, and IF,. Iodine heptafluoride, 
IF„ is the only known compound of the 
fourth type. All these compounds are 
formed by direct combination of the two 
halogens. They are readily volatile and 
exceedingly reactive, especially if the 
compound in question contains fluorine. 
No interhalogen compounds are known 
which contain more than two different 
halogen atoms. 

Intermicellar liquid. A synonym for dis¬ 
persion medium in colloidal systems. See 
Colloid, Micelle. 

Internal compensation. A type of optical 
activity in which there are two asymmetric 
centres in the molecule which produce 
equal and opposite amounts of rotation of 
the plane of polarization, with the result 
that the substance is optically inactive. 

Interstitial compound. Crystalline com¬ 
pounds with a metallic or atomic lattice 
composed essentially of atoms of an element 
M, but with atoms or ions of another sort 
inserted in the interstices between the 
atoms of M. Palladium hydride is believed 
to be a substance of this type. The essen¬ 
tial lattice is that of palladium, but the 
normal distance between the metal atoms 
is increased by the presence of hydrogen 
atoms. Certain other well-known com¬ 

18 


pounds, e.g. the refractory carbides, nitrides, 
and borides, graphite-potassium alloys, 
graphitic oxide, graphite bisulphatc, and 
carbon monofluoride, belong to the same 
class. 

Intrinsic energy. When, for example, a 
compound is formed from its elements, a 
certain amount of heat is evolved or 
absorbed: e.g. 

c (wild) + O f(gM) = CO, ( gas) -f 04,300 cals. 

Evidently the carbon and oxygen before 
combination possessed 04,300 cals, of 
energy more than that of the carbon 
dioxide. Carbon dioxide is said to have 
an intrinsic energy of — 94,300 cals. The 
arbitrary assumption is made that the 
intrinsic energies of the elements are all 
zero. It should be noted that the intrinsic 
energy of the compound is equal to its heat 
of formation with the sign reversed. 

Inulin, (C,H, 0 O,)„ is n fructose poly¬ 
saccharide, being a chain of some 30 fructo- 
furanose units united by 1 : 2 -junctions. 
It is present in the underground tubers and 
rhizomes of the. Composite. It is readily 
hydrolysed by acids. It has [aJ D about 
— 35°. Commercially it is a source of 
fructose. 

Invar. An iron alloy of about 35-30 % Ni, 
0-5 % C, and 0-5 % Mn, which has an almost 
zero coefficient of thermal expansion over a 
temperature range from below room tem¬ 
perature to about 400° F.; outside this 
range the metal behaves as an ordinary 
metal. Invar is used in horology and for 
surveying tapes. Invar is unstable, as it 
increases in length owing to ageing. This 
ageing takes place £cry slowly, taking years 
to complete itself. It is reduced to a 
minimum by heating for several days at 
100*, and cooling down very slowly over a 
period of several months. 

Invariant system. A system in equili¬ 
brium is said to be invariant when it has no 
degrees of freedom. See Phase rule. 

Inversion. See Invcrtase. 

Inversion temperature. Most gases are 
cooled by rapid expansion (the Joule- 
Thomson effect). Below — 80° hydrogen 
shows this effect, but above this tempera¬ 
ture it behaves abnormally and is actually 
warmed by expansion. This temperature 
is called the inversion temperature. Helium 
behaves in a similar manner and has an 
inversion temperature of — 240°. 

Invertase (Sucrase) is the enzyme which 
hydrolyses sucrose to a mixture of glucose 
and fructose. During the process the 
optical rotation changes from positive to 
negative, and is therefore termed inversion. 
Invertase is present in nearly all yeasts ; the 
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amount of it may be considerably increased 
by allowing the yeast repeatedly to ferment 
strong sugar solutions. The yeast is allowed 
to autolyse and the enzyme precipitated by 
the addition of an equal volume of strong 
alcohol and later purified by adsorption and 
elution. Its behaviour has been exten¬ 
sively studied. In particular it inverts 
sucrose remarkably quickly; the most active 
preparations arc 1200 times as active as 
the original dry material. Invcrtase is an 
article of commerce used in making syrups 
for the confectionery trade. It has no 
action on glucosidcs, and is held to be com¬ 
patible with the y-fructose section of the 
sucrose molecule. The best p„ is 4-5. 

Invert sugar. The name given to the 
mixture of equal parts of glucose and 
fructose obtained by hydrolysing sucrose. 
Sucrose is dextrorotatory, [a) D =» + 06-5, 
whereas invert sugar is Ircvorotatory, 
[oc)d - - 20 0. 

Iodates. Salts of iodic acid. 

Iodic acid, HIO,. A colourless solid, 
crystallizing in the rhombic system, and 
formed by evaporating iodine with concen¬ 
trated nitric acid, heating the product to 
200 °, dissolving the resulting iodine pent- 
oxide in water, and crystallizing. The 
solid is very soluble in water, and is deli¬ 
quescent. The aqueous solution is strongly 
acidic. Iodic acid has strong oxidizing 
properties (e.g. it will. liberate sulphur from 
hydrogen sulphide and will oxidize sulphur¬ 
ous acid to sulphuric acid). The salts of 
this acid arc known ns iodates. They are 
formed, together with iodides, by dissolving 
iodine in aqueous alkalis. 

(e.g. 31, + GKOH - SKI + KIO, + 311,0). 

Addition of an acid to a solution of an 
iodide containing an iodate results in the 
liberation of free iodine owing to the reduc¬ 
tion of iodic acid by hydriodic acid. 

Iodine, I. At. no. 53. At. wt. 120 02. 
M P. 113-5°, B.P. 184 4°. Iodine was first 
isolated in 1811 as a black crystalline solid 
obtained by heating the mother liquors from 
the crystallization of soda from the aqueous 
extract of kelp with manganese dioxide 
and sulphuric acid. It occurs in small 
amounts in sea water and in seaweeds. 
The ashes of the latter, which are known as 
kelp, are still a source for the small-scale 
extraction of the element. The major 
source at present is the mother liquor from 
the extraction of sodium nitrate from 
caliche, which occurs in Chili. The mother 
liquor contains about 4 grams of sodium 
iodate per litre, and iodine is set free by 
treatment with dilute sulphuric acid and 
sodium hydrogen sulphite. 


The element crystallizes in the rhombic 
system, the cell dimensions determined by 
means of X-rays being a = 4-700,6 1= 7-104, 
c = 0-783 a. The density at room tempera¬ 
ture is about 4-95. The density of the 
vapour, which has a deep violet colour, 
diminishes with increase in temperature 
above about 700° owing to dissociation of 
molecules of I, into atoms. The dissocia¬ 
tion into atoms is complete at about 1700°. 
Iodine is slightly soluble in water (1 part 
in 3618 at 18°). It dissolves readily in 
aqueous potassium iodide owing to forma¬ 
tion of the polyiodidc KI,. The lutter 
dissociates giving the ion I,”. Iodine is 
readily soluble in organic solvents such ns 
chloroform and carbon disulphide (violet 
solutions) and alcohol (brown solution). 
The alcoholic solution of iodine and potns- 
sium iodide is known as tincture of iodine 
(g.v.). 

Iodine will combine, under certain condi¬ 
tions', with the other halogens to form inter- 
halogen compounds (e.g. ICI, IBr, ICI„ IF„ 
IF,). It combines with hydrogen when 
heated with formation of hydrogen iodide. 
The reaction is reversible. It forms iodides 
with the metals and non-metals. The 
products from the former arc salt-like, and 
those from the latter hnve the characteristics 
of non-metal halides, notably a ready 
decomposition by water. Iodine nlso forms 
a number of oxides and oxy-acids. 

Iodine is a powerful germicide and ns 
such has many uses in medicine. It and 
its compounds arc used in the treatment 
of hyperthyroidism and other conditions 
caused by derangement of the thyroid 
gland. It is also prescribed for rheumatism. 

Iodine chlorides: Iodine monochloride, 
ICI. A dark-red liquid formed by passing 
chlorine over iodine. It solidifies at 13-9° 
and has the composition ICI. On standing 
it is transformed into a second modification 
of the same substance, consisting of red 
needle-shaped crystals which melt at 27-2°. 
These two modifications, of which the 
second is the more stable, arc known as the 
a- and 0-forms, respectively. ICI boils at 
97-4°, and its vapour density, just above the 
boiling-point, shows that there is no appreci¬ 
able dissociation. Alternative methods of 
preparing iodine monochloride are: (a) 

by dissolving iodine in aqua regia and 
extracting with ether, or ( b) by heating 
iodine with potassium chlorate. It is de¬ 
composed by water into hydrochloric acid, 
iodine, and iodic acid and by alkalis into 
a mixture of chloride, iodide, and iodate. 

Iodine trichloride , ICI,. A lemon-yellow 
crystalline solid (M.P. 33°, density 312) 
which is formed by the action of excess of 
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chlorine on iodine or iodine monochlonde. 
Iodine trichloride dissociates on heating 
into the monochloride and free chlorine 
( j C l jci + Cl,). Its dissociation is com¬ 
plete at about 80°. It is hydrolysed by 
water to form a mixture of hydrochloric 
acid, iodine monochloridc and iodic acid, 
Uio,. With alkalis the decomposition is 
more complete and the products similar. 
Owing to this hydrolysis iodine trichloride 
has strong oxidizing properties in presence 
of water. 

Iodine fluorides. Two iodine fluorides 
are known, viz. IF, (M.P. - 8°, B.P. 97°). 
and IF, (M.P. 5°-0°). The pentafluoride 
was first prepared by heating iodine with 
silver fluoride, and was later obtained by 
direct interaction of the elements. The 
heptafluoride is obtained by the action of 
fluorine on the pentafluoride. Both of 
these compounds react with great vigour 
with many metals and non-metals. 

Iodine oxides. Iodine forms three oxides, 
I,0 4 , I 4 O f , and 1,0,. There is also some 
evidence for the existence of I0 4 . The 
lowest oxide I,0 4 is obtained as a yellow 
powder by heating iodic acid, HIO„ with 
concentrated sulphuric ucid and treating the 
product with water. Its composition is 
believed to be O - I - IO,. I,0 4 dissolves 
in hot water to form iodine and iodic acid. 
The oxide I 4 0, is formed as a yellow solid 
on warming iodine gently in ozonized 
oxygen. Its composition is believed to be 
1(10,),. It absorbs moisture readily, form¬ 
ing iodic acid and iodine. In common with 
I,0 4 it liberates chlorine when heated with 
hydrochloric acid. When heated at 120° 
it decomposes into the pentoxide (1,0,), 
iodine, and oxygen. 1,0, is formed by 
heating iodic acid at 200° 

(2IIIO, - H,0 + 1,0,). 

It is o white solid, which dissolves in water 
to form iodic acid, and is thus the only 
acid-forming oxide of iodine. It is a strong 
oxidizing agent and is used in analysis for 
estimating carbon monoxide in gaseous 
mixtures by oxidizing the monoxide to 
carbon dioxide and determining the latter 
volumctrically. The tetroxide, I0 4 , is 
possibly produced in the reaction between 
silver perchlorate and iodine, 

(2AgC10 4 + I, = 2AgI + 2C10 4 ). 

It decomposes rapidly into iodine and 
oxygen, and its identity is uncertain. 

Iodine salts. Iodine, and to a much less 
marked extent bromine, has definite basic 
properties, and gives rise to a number of 
salts. The oxide I,0 4 may lie formulated 
as 10(10,), i.e. as a basic iodate of iodine. 
Oxidation of a solution of iodine in acetic 


anhydride by means of fuming nitric acid 
yields an iodine acetate, I(CH,CO,),. A 
phosphate, IP0 4 , and mono-, di-, and tn- 
chloroacetates of iodine arc also known. 
The basic properties of iodine arc further 
illustrated by the formation of chloroiodic 
acid, HICI 4 , 4H,0, on passing chlorine 
through a sus|»cnsion of iodine in concen¬ 
trated hydrochloric acid. This acid, which 
may be isolated as a yellow crystalline 
solid, yields salts such as KICI 4 and 
Mg(ICl 4 )„ 811,0. 

Iodine value. The iodine value of a fat 
is the amount of iodine thut it will absorb 
expressed as a percentage of the molecular 
weight of the fat. Thus triolein, M.W. 884, 
absorbs 0 atoms of iodine, A.W. 127. The 
iodine value is therefore 


0 X 127 
884 


X 100 


80-2. 


Saturated fatty acids absorb no iodine ; 
the iodine value is therefore a measure of 
the proportion of unsaturated fatty acids 
present in a fat. 

Iodized oil is an addition product of 
hydriodic ucid and poppy-sccd oil, con¬ 
taining 39 to 41 % of iodine. It is used 
in X-ray diagnosis und is injected for 
certain diseases requiring iodine treatment 
os it is only slowly decomposed. 

Iodoacetic ester. Sec Ethyl iodoucctutc. 

Iodobenzene, C a H,I. Colourless liquid, 
B.F. 188*. Insoluble in water, mis¬ 
cible in all proportions with organic 
solvents. The iodine atom is very 
reactive, and is easily removed by 
metals. With chlorine un addition 
compound phenyliodochloridc (C e IIj=*ICI,) 
is formed, the iodine being trivalcnt ns in 
iodine trichloride. 

Prepared by direct iodination of benzene 
with iodine and hydrogen iodide at 200° or 
more conveniently from diazotized aniline 
and potassium iodide. 

Iodoform, Triiodomethane, CHI,, is a 
yellow crystalline solid having a powerful 
and characteristic odour, M.P. 119’. In¬ 
soluble in water; soluble in alcohol, ether, 
and chloroform. It is volatile in steam. 
Manufactured by the electrolysis of a solu¬ 
tion of an iodide in dilute alcohol or acetone. 
Fresh iodide and alcohol are run in as fast 
as the iodoform is deposited. Reacts with 
potassium hydroxide to give methylene 
iodide. Decomposed slowly by light and 
air to carbon dioxide, carbon monoxide, 
iodine, and water. 

It is used in medicine as an antiseptic. 

Iodogorgic acid. Sec 3 : 5-Diiodotyrosine. 

Iodomethane. See Methyl iodide. 

Iodopalladites. Sec Palladous iodide. 
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Iodophthalein is the sodium salt of tetra- 
iodophcnolphthalein C tt H,0 4 I 4 Na„8H,0. 

I I 



Blue-violet crystals, soluble in 7 parts of 
water, slightly soluble in alcohol. Pre¬ 
pared by iodinating phenolphthalein and 
used medicinally to render the gall bladder 
opaque to X-rays. 

Iodoplatinates, Iodoplatinic acid. See 
Platinum iodides, complex. 

Ion. An ion is an atom or group of 
atoms which has gained or lost one or more 
electrons, and thus carries a negative or 
a positive charge. In aqueous solutions of 
electrolytes they arc capable of movement, 
and they combine loosely with other atoms 
or groups constantly changing their tem¬ 
porary attachments but probably not 
cxisiting as independent units. 

Ions also exist in gases which have been 
subjected to suitable electric disturbances 
such as a high-tension discharge, or a beam 
of electrons. 

The word is also used to denote a unit 
in a solid crystal of an clcctrovalent com¬ 
pound like sodium chloride in which each 
sodium atom or ion is electrically attracted 
by the surrounding chlorine atoms or ions, 
and each chlorine atom or ion is electrically 
attracted by the surrounding sodium atoms 
or ions. The structure of such crystals is 
termed ionic to indicate that the crystal is 
not an aggregate of independent molecules. 

Ionamine dyes. A class of acetate silk 
dyes in which temporary water solubility is 
brought about by the formation of a com¬ 
pound with formaldehyde-bisulphite. The 
compound is slowly hydrolysed during the 
dyeing process and the basic residue 
absorbed by the acetate silk. The impreg¬ 
nated acetate silk can then be treated with 
nitrous acid and a secondary component 
added after the manner of dyeing with 
primulinc. 

Ionamine B. is prepared by coupling 
diazotized p-nitraniline with aniline-methyl- 
omega-sulphonic acid and has the constitu¬ 
tion 



NHCH,SO,Na 


The free base, as absorbed by the acetate 
silk, is an orange shade ; it can be developed 


into deeper shades by diazotization and 
coupling. 

Ionamine Blues arc obtained by intro¬ 
ducing sulphomethyl groups into hydroxy- 
aminoanthraquinoncs. 

The Ionamine dyes have good fustness 
to w'ashing and rubbing. They have no 
affinity for cotton or regenerated cellulose. 

Ionic mobility. Sec Mobility, ionic. 

Ionium, Io. At. no. 00, At. wt. *230. 

A radioactive clement, of half-life period 
1*06 x 10 * years, which is a member of 
the uranium series. It is formed from 
Uranium II, and decomposes with the loss 
of a-particles of 3-10 cm. range, to form 
radium. The element is an isotope of 
thorium, i.e. it is identical with thorium in 
its chemical behaviour. 

Ionization chamber. A device for mea¬ 
suring the absolute intensity of an X-ray 
beam or a beam of ionizing particles, by 
allowing the rays or particles to ionize the 
vapour contained in the chamber and mea¬ 
suring the resulting current flowing between 
suitably placed and charged electrodes. 

Ionization ot water. Pure water is a 
bad conductor of electricity, for it is only 
very slightly ionized : H,0 5 ^ H* -f OH-. 
The concentration of hydrogen ions, which 
is equal to that of the hydroxyl ions, is 
only 10-’ gm. equivalents per litre. The 
ion product * [H*](OH~] ■■ 10-* 4 at 25°, 
but increases rapidly with temperature. 
The p„ of pure water is clearly 7. Any 
solution in which the p H > 7 is thus alka¬ 
line (excess of hydroxyl ions), and those 
with p B < 7 (excess of hydrogen ions) arc 
acid. 

Ionization, heat of. The amount of heat 
required to split one gram molecule of an 
electrolyte into its ions. For water, the 
heat required to split one gram molecule 
(18 grams) into one gram of hydrogen ion 
and 17 grams of hydroxyl ion is 13,700 
calories. 

Ionization potential. The faster an elec¬ 
tron moves, the greater is its energy. An 
electron is accelerated by passing through 
an electric field, and the potential difference 
in the field is a measure of the energy 
imparted to the electron. The minimum 
potential which suffices to give an electron 
the energy necessary to ionize (i.e. knock 
out an electron) from an atom which it 
strikes is called the ionization potential of 
the atom. 

Ionogenic complex. The charge on a 
colloidal particle is responsible for its 
stability and is ionic in nature. The 
stabilizing ions on the surface may be due 
to adsorption from the dispersion medium 
or to ionization of the wall material of 
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which the particle is formed. Micelles of the 
latter type are termed ionogenic. Thus the 
stability of colloidal gold is supposed to be 
due to ionizing complex gold acids on the 
surface, that of stannic oxide sols to surface 
stannate ions, etc. One school regards all 
colloidal charges as being ionogenic in 
nature. (See Colloid; Micelle; Surface 
compound.) 

Ionone, C„H 10 O. When pseudoionone 
(see Citml) is treated with certain reagents 
such as sodium bisulphate, dilute nitric 
acid, strong sulphuric acid, or phosphoric 
acid, a mixture is formed of a- and 0-ionone. 
These products arc of commercial impor¬ 
tance, being powerful odorants, smelling 
strongly of violets. a-Ionone has the con¬ 
stitutional formula. 


H.C CH, 

V 

h/\ H CH : CH • CO CH, 
H,i i • CH, 

\h 


It can be separated from 0-ionone by 
distilling the mixed sodium bisulphite com¬ 
pounds in steam when the 0-ionone distils, 
leaving the a-compound, which yields 
a-iononc by treatment with alkali. a-Ionone 
has the constants B.P. 123*-124*/ 11 mm., 
<f*° 0-932, n” 1-4980. It forms an oxime 
of M.P. 89°-90®. It has a sweeter smell, 
more closely resembling that of violets, than 
the 0-compound. 

0-Ionone has the constitutional formula 


H,C CH, 

V 

H,^ \ • CH : CII • CO - CH, 
H,i i • CH, 

\h, 


It is separated from the a-compound in 
the manner already described, and shows 
the constants B.P. 140°/18 mm., d 17 0-940- 
np 1-521. It smells like cedar wood, but 
has a strong smell of violets in dilute solu¬ 
tion. It forms a semicarbazone of M.P. 
148°-149°. 

Ion product. This is the product of the 
concentrations of the ions of a substance in 
solution, which is a constant for weakly 
ionized substances, because the concentra¬ 
tion of undissociated material may be taken 
to be constant, since it is present in a large 
excess. (See also. Solubility product.) 


Ions (hydration of). See Hydration (of 
ions). 

Ipatieff, Vla dimir (1867- ). Born in 

Moscow, Ipatieff received his education in 
military schools, and in 1892 graduated from 
the Michailow Academy, St. Petersburg. 
Later he studied chemistry under von 
Baeyer (Munich) and Vicillc (Paris). In 
1927 he organized the Institute of High 
Pressures in Leningrad, but in 1931 he 
migrated to America, where he became 
associated with Northwestern University 
and the Universal Oil Products Compnny. 
His investigation of the catalytic chemistry 
of unsaturated hydrocarbons has led to 
important developments in the oil in¬ 
dustry. 

Ipecacuanha is the dried root of Cephalis 
ipecacuanha, a plant indigenous to Brazil. 
It is used in the form of the powdered 
drug, u liquid extract, or u tincture. Its 
medicinal properties are due to alkaloids, 
of which emetine and ccphiclinc are the 
most important. In small doses it is an 
expectorant, in larger does an emetic. 

Iridates. When finely-divided iridium is 
fused with mixtures of alkali hydroxide and 
nitrate, or with sodium peroxide, blue 
crystulline masses which give deep blue 
solutions in water arc obtained. They 
appeur to be salts of an acidic trioxidc, and 
formule such as 2K,0, IrO,, H,0 have been 
given to them, although the amount of 
alkali appears to be rather variable. They 
oxidize hydrochloric acid to chlorine. 

Iridium (at. no. 77, at. wt. 193-1) is a hard 
white brittle metal having the facc-centrcd 
cubic structure. Its sp. gr. is 22-4 and its 
M.P. 2350°. It is very resistant to chemical 
attack, and unless very finely divided is 
quite unaffected by aqua regia. It may be 
brought into solution by fusion with 
potassium bisulphatc or with oxidizing 
melts such as potassium nitrate with caustic 
potash. In its compounds it is ter- and 
quadri-valcnt. It is mainly used in the 
form of its alloys with platinum (g.u.) or 
with osmium (osmiridium, q.v .) for various 
purposes requiring very hard and incorrod¬ 
ible materials. 

Iridium ammines. Tervalent iridium 
forms very stable ammino compounds of 
such types as [IrA,]X„ (IrA 5 H 2 OJX„ 
(IrAjX)X,, lIrA 4 X t ]X, and [IrA,X,]. In 
these formulae X represents a univalent 
acidic radical and A a molecule of NH„ 
pyridine, etc. They closely resemble the 
cobaltammines, and are even more stable. 

Iridium chlorides. IrCl, IrCl., IrCl„ and 
IrCl 4 are known. IrCl and IrCl. are inert 
insoluble substances formed by the partial 
dissociation of IrCl, in an atmosphere of 
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chlorine, over a narrow range of tempera¬ 
ture in the neighbourhood of 770°. 

The anhydrous trichloride is formed in 
the dry way, e.g. by heating (NH 4 ),IrCl, in 
chlorine. It is an olive-green crystalline 
substance, and is quite insoluble in water, 
alkalis, or acids. On the other hand, solu¬ 
tions containing IrCI, can be prepared by 
wet methods, and from them a soluble 
hydrated chloride, 2IrCI„ 311,0 can be 
crystallized. 

The tetrachloride is a brownish-black 
hygroscopic substance, which is formed 
when (NH 4 ),IrCl 4 is evaporated with 
chlorine water, or when the hydrated 
dioxide dissolves in hydrochloric acid. It 
is very soluble in water, and is easily 
reduced to the trichloride. 

Iridium chlorides, complex. There are 
two series, the chloro-iriditcs derived from 
IrCI,, and the chloro-iridates derived from 
IrCI 4 . 

Potassium chloro-iridite, K,IrCl a , 311,0, 
is cosily obtained by gentle reduction of a 
solution of the chloro-iridatc, and other 
chloro-iriditcs may be obtained by double 
decomposition. They are olive-green cryst¬ 
alline salts, easily soluble in water. 

The chloro-iridates, M,Ir€I 4 (where M is 
a univalent metal) are deep red or black 
substances, usually isomorphous with the 
chloro-platinutes. They are formed when 
the metal is heated in chlorine in presence 
of an alkali chloride. K,Ir€l a and 
(NH 4 ),IrCI 4 arc only slightly soluble in 
water. 

Iridium, detection and estimation. See 
under Platinum metals. 

Iridium fluorides. IrF* and IrF 4 are 
formed when the finely-divided metal is 
heated in fluorine at about 400°. IrF, is 
yellow ; it melts at 30° and boils at about 
50’. IrF s is white and much less volatile. 
Both arc very reactive, fuming with atmo¬ 
spheric moisture and attacking glass. 

Iridium oxides. Anhydrous Ir t O, is said 
to have been obtained in the dry way, but 
its individuality is doubtful. 

A hydrated sesquioxide, Ir,0,, 5H,0, is 
precipitated by alkulis (excess being avoided) 
from solutions containing tervalent iridium. 
It is a greenish or black amorphous precipi¬ 
tate, which cannot be completely washed 
free from alkali, and cannot be dehydrated 
without decomposition. It is soluble in 
both acids and alkalis, and the alkaline 
solutions arc oxidized by air, the hydrated 
dioxide being precipitated. 

IrO, is formed by the prolonged action of 
oxygen on the finely-divided metal at about 
1000’, and can be obtained by other dry 
methods, or by dehydration of its hydrate, 


IrO,, 2HjO or Ir(OH) 4 . The latter is 
formed by precipitation from solutions 
containing quadrivalent iridium, or by the 
oxidation with air or hydrogen peroxide of 
the hydrated sesquioxide or its alkaline 
solutions. They are both black substances. 
The hydrated form, when freshly precipi¬ 
tated, is readily soluble in acids, but 
becomes less so on drying, and the anhy¬ 
drous dioxide dissolves only very slowly in 
hydrochloric, and not at all in other acids. 

IrO, can apparently not exist as such, but 
appears to be present in combination with 
alkalis in the iridates (q.v.). 

There are indications that a volatile higher 
oxide may exist. 

Iridium sulphates. Ir,(S0 4 ),,xH,0 is 
obtained by crystallizing, in complete 
absence of air, a solution of the sesquioxide 
in sulphuric acid. It is a yellow crystalline 
substance, and it and especially its solution 
arc very easily oxidized on exposure to 
air, becoming violet. It forms a scries of 
yellow alums when its solution is mixed 
with those of alkali sulphates and crystal¬ 
lized, and these are rather more stable. 

lr(S0 4 ), is said to have been obtained 
by oxidizing the sulphide with nitric acid. 
Two scries of complex sulphates arc known, 

viz. M t [Ir(SO«) a OH. H,OJ 

and M,(Ir(S0 4 ) t , (OH),], 

where M is a univalent metal. 

Iridium sulphides. Ir,S, is a black pre¬ 
cipitate formed by the action of hydrogen 
sulphide on solutions of tervalent iridium. 
IrS, has been prepared by dry methods. 
Both arc attacked by aqua-regia, but not 
by hydrochloric acid. 

Irisin, (C 4 H l9 0 4 )„ is a polymer of fructose 
present in the rhizomes of Iris species. The 
polymerizing unit is a difructosc in which 
the junction is between carbons 2 and 4. 
It has [a] D — 52-6° ; the methyl derivative 
is hydrolysed to tetrn- and di-mcthylfructose 
in the ratio 1:1. 

Iron. At. no. 20, At. wt. 55-85. A grey 
metal that crystallizes in the cubic system. 
M.P. 1530°, B.P. 2950°. Density 7-87, 
sp. heat 011. Pronounced magnetic pro¬ 
perties. 

It was known in Egypt about 5000 years 
ago and made its way into Europe about 
3000 years ago. Meteoric iron contains 
cobalt and nickelcompounds of iron are 
found in most clays, sandstones, and granitic 
rocks. The chief ores are hematite (haema¬ 
tite), Fe,O s . brown hematite (hydrated 
Fe,0,), magnetite, Fe,0 4 , sidcrite or spathic 
iron ore, FeCO„ iron pyrites, FeS„ and 
chalcopyrite, CuFeS,. 
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Iron is usually prepared from oxide or 
carbonate ores, from which sulphur, arsenic, 
etc., have been removed by roasting in air, 
by reduction with carbon. The ore is 
mixed with coke and limestone and heated 
in a blast furnace, the temperature of which 
in the hottest region is about 1100° C. 
The major acidic impurities are removed 
as slag (calcium silicate, aluminate, etc.) 
and the molten crude metal run off into 
pigs; pig-iron contains from 2 to 4 % 
of carbon with a little phosphorus, sulphur, 
and silicon. If the silicon content is high 
the carbon is present almost entirely as 
graphite ; on rcmclting and casting, such 
an alloy gives grey cast iron. If the silicon 
content is low, the carbon is present as 
cementite, Fe,C, and gives white east iron 
on casting. The sulphur content governs 
that of manganese, since excessive sulphur 
forms manganese sulphide, which is ap¬ 
preciably soluble in the slag. 

The cast irons are too brittle for many 
purposes. Wrought iron is made by 
melting cast iron with scrap-iron in a 
reverberatory furnace (puddling furnace) 
lined with Fc,0„ which oxidizes carbon, 
silicon, etc., most of which arc then re¬ 
moved by rolling. Cast iron melts at 
about 1200°. Wrought iron, which is 
tough, fibrous, and malleable, melts at 
above 1500°, though it softens at about 
1000°. It is not hardened by quenching. 

Most iron is now converted into steel by 
the cementation process, crucible process, 
Bessemer processes, Siemens-Martin pro¬ 
cesses, or electrical process. Steel is a mix¬ 
ture of iron with iron carbide, Fc,C (cemen¬ 
tite). Iron will dissolve carbon as well as 
combine with it and all iron made on the 
large scale contains some carbon. 

Iron that has been in contact with con¬ 
centrated nitric acid becomes passive 
owing to the formation of a protective 
layer of oxide. 

Iron crystallizes in two forms. The 
cubic body - centred form, a - Fc, with 
a = 2-801 a., is stable up to 906°. There 
is no structural change at the Curie point 
(708°), but the description /?-Fe is sometimes 
used for iron between the temperatures 
768° and 906®. At this latter temperature 
conversion into the face-centred form, 
y-Fc, takes place (a = 3-63 a. at 1100°, an 
extrapolated value for room temperature 
is 3-56 A.). At 1400° y-Fe reverts to the 
body-centred form (a = 2-93 a. at 1425®) 
and for the range 1400® to the melting- 
point (1535°) the description 8-Fe is some¬ 
times used. 

See also articles on alloy cast-irons, alloy 
steels, cast-iron, cementation process. 


cementite, iron ores, magnetite, martensite, 
Siemens process, steel, troostitc, wrought- 
iron. Further information will be found in 
the text-books of chemistry and metallurgy. 

Iron acetates. Ferric acetate, 

Fc(CH,CO • O),, 2H 2 0, 
can only with difficulty be crystallized. 
Its deep red solutions are hydrolysed on 
boiling with precipitation of a basic acetate, 
and this is the basis of a well-known 
analytical separation. 

Ferrous acetate, Fc(CIIj • CO • O),, 411,0, 
forms pale green crystals, readily soluble in 
water. The solution oxidizes rather rapidly 
on exposure to air. 

Iron alums. Double salts of ferric 
sulphate, having the general formula 
MJSO,. Fe,(S0 4 )„ 2411,0 (or M»Fe(S0 4 )„ 
12H,0. M* is an alkali metal, ammonium, 
or univalent thallium, hydroxylamine, etc. 
Members of the group ure isomorphous 
among themselves and with other alums, 
such ns potush alum. Ordinary “ iron 
alum ” or “ ferric alum ” is ferric ammonium 
sulphate (M l =3 ammonium) ; it forms pale 
amethyst-coloured crystals, readily soluble 
in water, and is prepared by crystallizing 
an aqueous solution containing the cal¬ 
culated quantities of ammonium and ferric 
sulphates. . 

Iron ammonium sulphate. Ferrous am¬ 
monium sulphate, 

(NH 4 ),S0 4 , FcS0 4 , 011,0, 

“ Mohr’s salt,” may be obtained as pale 
green monoclinic crystals from a solution 
of its constituents. It is frequently used 
os a standard for potassium permanganate 
and other volumetric oxidizing agents, 
being less readily oxidized in air than 
ferrous sulphate ; but its use as a primary 
standard is not to be recommended, ns it 
may be contaminated with isomorphous 
double-sulphates of zinc or magnesium, 
which arc not removed on recrystallization. 
Solubility : 20 g. at 15®, and 52 g. at 70®, 
per 100 g. H,0. 

Iron bromides. Ferric bromide, 

FeBr„ 011,0, 

is deposited when its solutions, obtained 
by the usual wet methods, arc evaporated 
over sulphuric acid at ordinary tempera¬ 
tures. It forms dark green needles, M.P. 
27°. The anhydrous salt is formed when the 
metal is heated in bromine vapour, as 
dark red deliquescent crystals. The anhy¬ 
drous and hydrated salts and the solution 
all undergo partial dissociation to ferrous 
bromide and bromine on heating. 

Ferrous bromide, FcBr,, may be obtained 
by the usual methods, and is readily soluble 
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in water. Hydrates with 9, 6, 4, and 2H,0 
arc known, of which the hexahydrate crystal¬ 
lizes at ordinary temperatures as bluish- 
green rhombic prisms. 

Iron carbonate. Ferrous carbonate, FcCO„ 
is precipitated by sodium carbonate from 
solutions of ferrous salts as a white powder, 
or it may be obtained crystalline (hexagonal) 
by heating the solutions in a scaled tube. 
Complete absence of air is necessary as it 
oxidizes very readily. It occurs in nature 
ns spathic iron ore, or if crystalline, sideritc. 
It is soluble in water containing excess of 
carbon dioxide, but the bicarbonate has 
not been isolated. 

Iron carbonyls. Iron forms three car¬ 
bonyls, Fe(CO)„ Fc,(CO)„ and (Fe(CO) 4 ]„ 
and also a number of derivatives of these. 
Iron pcntn-carbonyl, Fc(CO) 4 , is formed by 
the direct union of carbon monoxide with 
the metal; the reaction is best carried out 
at 200° and 300 atmospheres. It is a pale- 
yellow liquid, M.P. - 20°, B.P. 102°, sp. gr. 
1*494 at 0°. On exposure to sunlight it 
deposits the nona-carbonyl, Fe,(CO)„ as 
orange crystals, nnd this when heated in an 
inert atmosphere with a suitable organic 
solvent yields the tctra-carbonyl 

(Fe(CO) 4 ),. 

This is a dark green crystalline body. 
These compounds are all typically non¬ 
polar substances, soluble in organic solvents, 
and they all dissociate on heating into 
carbon monoxide and the metal. Many 
derivatives of the penta-carbonyl arc known, 
such ns Fc(CO) 4 X„ where X is a halogen, 
and Fc(CO) 4 H, which in some respects 
behaves as a weak acid, the hydrogen 
being replaceable by metals. 

Iron chlorides. Ferric chloride, FcCI,. 
The anhydrous salt is prepared by heating 
the metal in a stream of chlorine, when it 
condenses in the cool part of the apparatus 
as beautiful glistening scales which arc green 
by reflected but red by transmitted light. 
When heated under pressure it melts at 
301°, but volatilizes ordinarily at 280®-285*. 
Its vapour density corresponds with the 
formula Fc,CI 4 at moderate temperatures, 
but above 500° dissociation to ferrous 
chloride and free chlorine occurs. In 
organic solvents the molecular weight 
corresponds with FeCI,. It is very deli¬ 
quescent and soluble in water, and forms a 
number of hydrates, whose equilibrium with 
the saturated solution is one of the standard 
examples from the standpoint of the phase 
rule, and is fully discussed in most text¬ 
books of physical chemistry. The concen¬ 
trated solutions are partially hydrolysed and 
brownish-yellow in colour. A number of 


double chlorides exist: K,FcCl 4 , H,0 forms 
red deliquescent crystals, and 
(NII 4 ),FcC1 4 , 11,0 

(garnet cubes) is used medicinally under the 
name of “ ammonio-chloridc of iron." 

Ferrous chloride, FcCI,. The anhydrous 
salt is formed in white crystalline scales 
when the metal is heated in dry hydrogen 
chloride. It volatilizes at red heat, and 
the vapour density is normal above 1300°, 
but below this temperature association 
occurs. In organic solvents the M.W. is 
normal. The salt readily absorbs up to six 
molecules of ammonia. From its solutions 
it crystallizes as a rule ns the tetrahydrale, 
FeCl„ 411,0, in bluish-green monoclinic 
crystals. Other hydrates with 0, 2, and 
1 H t O exist. The salt is readily soluble in 
water; the saturated solution contains at 
25® 41 % and at 00° 51 % of FcCI,. 
Double salts with alkali chlorides arc known, 
e.g. 2NH 4 C1 , FcCI, and 2KC1, FeCl„ 211,0. 

Iron, complex cyanides. Iron forms 
several series of stable cyanide complexes. 
Of these the best known arc the ferro- and 
ferri-cyan ides (g.o.), but in addition there 
are many compounds having in the complex 
anion five cyanogen groups and one other 
group or molecule. Some of these arc os 
follows (representing a univalent metal by 
!1»): (1) M* t [Fc(CN) 4 (NO)], the nitro- 

prussides. Of these the sodium salt, 

Na,(Fc(CN) 4 (NO)J, 2H t O, 
is most usually encountered. It is prepared 
by heating potassium fcrrocyanidc with 
nitric acid, neutralizing with sodium 
carbonate,, evaporating to dryness, and 
extracting the residue with water and 
crystallizing. It forms red rhombic prisms, 
and its solution may be used as a sensitive 
test for soluble sulphides, with which it 
gives a deep violet colour. With acids it is 
decomposed in a rather complicated way. 
Its solution is unstable when exposed to 
light, slowly depositing Prussian Blue. 
Many other salts and the free acid are 
known. (2) M',[Fe(CN) 4 CO], carbonyl 

pcnta-fcrrocyanides, are formed when 
moist carbon monoxide is passed over 
fcrrocyanides at about 130°. Many salts 
and the free acid are known. 

(3) M«,[Fe(CN) 4 H,OJ. 

aquopentaferricyanidcs. The potassium salt 
is a product of the continued action of 
chlorine on potassium fcrrocynnide. On 
reduction these salts yield 

(4) M I ,[Fe(CN) $ H,0], 

the aquopentaferrocyanides, which may 
also result from the oxidation of nitro- 
prussides. The nitrite and sulphide radicals, 
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and ammonia, may also be constituents of 
cyanide complex anions. 

Iron, detection and estimation. In the 
ordinary course of qualitative analysis iron 
is precipitated along with aluminium and 
chromium as ferric hydroxide, or under 
certain circumstances as phosphate or basic 
acetate. In any case it is separated from 
the other two metals by the insolubility of 
the iron precipitate in sodium hydroxide 
and hydrogen peroxide. Sensitive tests for 
iron include the formation of Prussian or 
Turnbull’s Blue with ferro- or ferricyamdes 
according as ferric or ferrous iron is present; 
the formation of an intense red colour with 
thiocyanate (for ferric iron); and the 
formation of a red colour with dimethyl- 
glyoxime in presence of ammonia (for 
ferrous iron). 

Gravimetrically, iron is usually weighed 
as Fe,0„ after precipitation as ferric 
hydroxide with ammonia. A useful reagent 
for precipitating iron directly in presence of 
many other metals is “ cupfcrron," 
C,H,N(N0) 0 NH 4 . 

I-'rom a strongly acid solution this throws 
down iron as a reddish precipitate which 
may be ignited to Fc,O t . In a weakly acid 
solution copper is also precipitated. ' 

Volumetrically, a number of methods arc 
available for the determination of iron, 
depending either upon oxidizing it from the 
ferrous to the ferric state, or upon the 
reverse reduction. Titration with perman¬ 
ganate in acid solution is, where applicable, 
the most convenient method, but it has the 
important restriction that it cannot be 
applied, without special precautions, to 
solutions containing chlorides. For this 
case, titration with potassium dichromate 
is largely used, the indicator being potassium 
ferricyanide (used externally), or diphenyl- 
amine in presence of phosphoric acid (used 
internally). Potentiometric indication is 
also available. Ferric ion may be esti¬ 
mated directly by means of titanous sulphate, 
or iodometrically, but it is more usually 
reduced to ferrous with pure zinc or stan¬ 
nous chloride (removing excess with mer¬ 
curic chloride) and subsequently titrated 
with permanganate or dichromate. 

Iron may also be determined electro- 
lytically, and for the determination of very 
small amounts the reactions with thio¬ 
cyanate or dimethylglyoxime may be used 
colorimetrically. 

Iron fluorides. Ferric fluoride, FeF,. 
Anhydrous ferric fluoride may be obtained 
by the action of hydrogen fluoride on heated 
ferric oxide or by dehydration of the 
hydrates in an atmosphere of hydrogen 


fluoride. It is only slightly soluble in water. 
Solutions obtained by wet methods are not 
normally ionized : only about one-third of 
the fluorine is present as fluoride ions ; and 
by addition of excess of fluoride ion (an 
alkali fluoride) the ionization is completely 
suppressed, a fact which is sometimes used 
in analytical processes where free ferric 
ions are undesirable. From its solutions 
the salt crystallizes as FeF s , 4*H a O, or at 
higher temperatures as FeF„ 3II a O. It 
forms complex salts known as ferrifluorides, 
thus Na,FcF, may be obtained as a white, 
sparingly soluble precipitate from a solution 
of a ferric salt and sodium fluoride. 

Ferrous fluoride, FcF„ may be obtained 
in the anhydrous condition as colourless 
monoclinic crystals by the action of dry 
hydrogen fluoride on heated iron. It is 
soluble in water and from the solution 
may be crystallized as FeF„ 411,0, in pale- 
green prisms. A number of double sails 
with fluorides of the alkali metals, c.g. 

KF. FcF„ 211,0, 

are known. 

Iron hydroxides. Ferric hydroxides. 
Naturally-occurring hydrated ferric oxides 
arc known generally as brown hsematites; 
their composition may range from 
FcjO„ *11,0 to FcjOj, 4H t O. 

Among the many varieties gocthite, 

Fe,0„H,0 

(crystalline, rhombic), and limonite, 

FcjO„ 1*11*0. 

may be mentioned. Some specimens of the 
latter arc used as pigments, and are known 
as ochres, umbers, and siennas. The pre¬ 
cipitated hydroxide is a voluminous brownish 
precipitate, whose colour and degree of 
hydration vary with the conditions. When 
freshly precipitated it is readily soluble in 
dilute acids, but on prolonged boiling it 
approaches the composition Fe,0„ 11,0 
and becomes denser and then dissolves in 
acids only with difficulty. 

How far the water is to be regarded as 
chemically combined in the higher hydrates 
is a matter of doubt, but the formula 
Fe,0„ 11,0 or FeO • OH certainly represents 
a definite compound, or rather two such. 
All of the hydrates appear to fall into two 
scries, the a- and y-series, of which it may 
be said as a broad generalization that the 
former result from precipitation of a ferric 
salt and the latter by oxidation. These, 
the y-series, are the less stable, and are 
ferromagnetic. a-FeO • OH is identical 
with goethitc, y-FcO • OH occurs naturally 
also as lepidocrocite. On dehydration at 
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not too high temperatures the a- and y- 
hydroxidcs yield respectively a- and y- 

FCjOj. 

Colloidal ferric hydroxide may fairly 
easily be obtained as a deep red hydrosol 
by partial hydrolysis of ferric chloride 
solutions followed by dialysis. 

Ferrosoferric hydroxide, Fe,0 4 . H.O or 
Fe 3°«. HHjO, may be obtained as a blue- 
green or black precipitate either by oxida¬ 
tion of ferrous hydroxide or by the action 
of alkalis on a mixture of a ferrous and a 
ferric salt. It is only very slowly further 
oxidized by air. 

Ferrous hydroxide, Fe(OH)„ is thrown 
down by caustic alkalis from solutions of 
ferrous salts. If prepared in complete 
absence of air it is white, but is usually 
greenish, and on exposure to air it oxidizes 
rapidly to the blue-green ferrosoferric 
hydroxide, and at the boiling-point it even 
reduces water. It has been obtained in the 
crystalline form (hexagonal prisms) by 
deposition from hot concentrated alkalis. 
Its solubility in water is of the order of 
10-* mols per litre; it is rather more 
soluble in caustic alkalis and dissolves 
readily in dilute acids. 

Iron iodides. Ferric iodide, Fel„ prob¬ 
ably exists at first in solutions of ferric 
hydroxide in hydriodic acid, but has never 
been isolated, ns the equilibrium 

Fe- + I' Fe- + I 

lies far over to the right-hand side, and is 
rapidly set up in concentrated solutions. 

Ferrous iodide, Fcl„ may be obtained by 
trituration of finely divided iron with 
iodine, as deep red plates. It is readily 
soluble in water, and hydrates with 9, 6, 5, 
4, and 1H,0 arc known. The solutions 
are unstable in air, readily absorbing 
oxygen with liberation of iodine. 

Iron lactate. Ferrous laclale (C,H $ 0,),Fe, 
311,0. Greenish-white, needle-shaped crys¬ 
tals, soluble up to 2 % in cold water, more 
soluble in hot. It is prepared by the 
action of lactic acid on iron filings and is 
used medicinally as a method of administer¬ 
ing iron. In solution it is oxidized slowly 
by light. 

Iron nitrates. Ferric nitrate, 

Fe(NO,)„ 9H,0, 

forms deliquescent monoclinic crystals, 
which arc very soluble in water. A cubic 
hexahydrate also exists. The crystals are 
usually pale violet in colour, but arc 
colourless when quite pure. The solution 
is brown. 

Ferrous nitrate, Fe(N0 3 ) t , 6H,0, may be 
obtained by cautious evaporation at 
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moderate temperatures of solutions ob¬ 
tained by dissolving the metal in suffi¬ 
ciently dilute nitric acid (sp. gr. 1 035 to 
1115) or by suitable double decompositions. 
It forms bright green rhombic prisms which 
are readily soluble in water. Its M.I\ is 
00-5°, and above this temperature it de¬ 
composes. The anhydrous salt is unknown. 

Iron ores. The chief ores used for the 
production of iron arc : 

(1) Magnetites mined in large quantities 
in Sweden and famed for their exceptional 
purity. Pure magnetite is Fc,0 4 , and often 
exhibits magnetic polarity, and even if not 
naturally magnetized is always attracted by 
a magnet, a fact employed in separating the 
ore from foreign matter. They contain up 
to 60 % Fe. 

(2) Uamatites approximate to the com¬ 
position Fe t O, ; these occur in Cumberland, 
Bilbao, etc.; a variety called red haematite 
occurs in kidney-shaped masses. The ha-ma- 
tites are low in sulphur and phosphorus, and 
contain up to 00 % Fc. 

(3) Limonites or Itrown lucmatites, arc 
hydrated oxides of the form 2Fe,0, + 311,0. 
They occur in Lincolnshire, Northampton¬ 
shire, etc. 

(4) Spathic iron ores, black band or Cleve¬ 
land ironstones arc more or less pure FcCO,. 
The term clay ironstone is used for impure 
FcCO,, which may contain up to 15 % of 
clayey matter. These clay-containing ores 
arc often “self-fluxing,” as they contain 
sufficient calcium and magnesium carbonate, 
and so effect a great economy in limestone. 

Iron oxalates. Ferric oxalate, 

Fe.tC.O.),, 

is difficult to isolate as it decomposes in 
sunlight, but the green ferri-oxalates such as 
K,Fe(C,0 4 ), may be easily crystallized. 

Ferrous oxalate, FeC,0 4 , 211,0, is a yellow 
precipitate. It dissolves in excess of alkali 
oxalate, giving a brown solution from which 
ferro-oxalates such as KjFefCjO*), may be 
crystallized. 

Iron oxides. Ferric oxide, Fe t O„ may be 
obtained by all the usual methods. Various 
specimens differ rather widely in colour and 
other properties in accordance with the 
degree of mechanical sub-division, but there 
are only two essentially different modifica¬ 
tions. Of these the stable a-form is 
rhombohedral. It occurs in nature, massive 
as red hiematite and crystallized as specular 
iron-ore. For use as a pigment it is manu¬ 
factured by ignition of natural ferric 
hydroxides (ochres), and products obtained 
under different conditions differ in tint, and 
are given special names. 
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Ferric oxide is only with difficulty 
soluble in acids, and if strongly ignited 
becomes quite insoluble. At about 1500 , 
in the absence of oxygen, or at very high 
temperatures in air, it undergoes dissocia¬ 
tion to ferroso-ferric oxide. The finely 
divided substance has marked catalytic 
activity, e.g. in the decomposition of 
potassium chlorate or the union of sulphur 
dioxide and oxygen. 

The y-modification crystallizes in cubes 
and is ferromagnetic. It is formed by 
the oxidation of ferroso-ferric oxide or 
by the dehydration of y-FcO • OH. When 
strongly heated it changes over to the 
stable form. 

Ferroso-ferric oxide, Fc,0 4 (magnetic 
oxide of iron), occurs in nature as magnetite, 
and is formed in a number of reactions, 
e.g. when the metal is heated in steam, or 
by dissociation of ferric oxide at very high 
temperatures. It is a black substance, of 
rather metallic appearance, crystallizes in 
octahedra, and is ferro-magnctic. Chemic¬ 
ally it behaves as a compound. FcO • Fe,0„ 
or ferrous ferrite, and this is in accordance 
with its crystal structure, which is of the 
spinel type. It dissolves in hydrochloric 
acid, affording a mixture of ferrous and 
ferric chlorides. 

Ferrous oxide, FcO, may be obtained by 
reduction of higher oxides, or by ignition 
(in an inert atmosphere) of such salts as 
the oxalate or carbonate. It is, however, 
very difficult to prepare a pure specimen, 
most products being contaminated either 
with free mctul or with n higher oxide. At 
temperatures below 570° it is unstable 
with respect to Fc,0 4 and Fc, although the 
decomposition is slow. It crystallizes in 
the cubic system (NaCl type), has sp. gr. 
5-9, and melts at about 1400°. Its pro¬ 
perties depend on the method of prepara¬ 
tion, and specimens obtained at low tem¬ 
peratures arc extremely oxidizablc, and 
may even be pyrophoric. It dissolves 
readily in dilute acids. 

Iron phosphates. Ferric phosphates. One 
of these, FeP0 4 ,2H.O, is a yellowish white 
precipitate, soluble in dilute mineral acids, 
but not in acetic acid. Fe 4 (P t O,)„ 9H,0 
is a white precipitate, soluble in acids and 
in excess of either ferric salt or pyro¬ 
phosphate. Many other phosphates have 
been described, and also complex ortho- 
and pyrophosphates with iron as part of 
a stable complex anion. 

Ferrous phosphates, Fe,(P0 4 ),, 8H,0 
(colourless, monoclinic) and FeHP0 4 , H,0 
(colourless needles) are insoluble in water, 
Fe(H,P0 4 )„ 2H t O, is a white crystalline 
powder, very easily oxidized and readily 


soluble in water. Fe(PO t ), and Fc,P,O t 
are white insoluble powders. A number of 
complex ferro-pyrophosphates are known. 

The iron phosphate of medicine is a dark 
blue powder containing about 50 % of 
Fc,(P0 4 )„ 8IIjO, together with some ferric 
phosphate and hydrated ferric oxides. 

Iron sulphates. Ferric sulphate. Anhy¬ 
drous ferric sulphate, Fe,(S0 4 )„ may be 
obtained by heating the hydrated salts, or 
by heating ferric salts with ammonium 
sulphate, as a white powder. Although 
readily soluble in water, it only dissolves 
very slowly, and may appear to be almost 
insoluble. It decomposes at 580° into 
ferric oxide and sulphur trioxidc. The 
solution is brown. Hydrates with 10, 9, and 
3H t O arc known, but special precautions 
are necessary to prepare them, since evap¬ 
oration in the ordinary way usually leads 
to the deposition of a mixture of an acid 
and a basic salt. The equilibrium in the 
system, Fe,0,-S0,-H,0. is complicated: 
a detailed account is given by Posnjak and 
Mcrwin, Journ. Amer. Chetn. Soc. (1922), 
44. 1905. 

The acid sulphate, 

Fe,(S0 4 )„ II,S0 4 , 811,0, 
is deposited from solutions containing a 
sufficient excess of sulphuric acid. It may 
be regarded as ferrisulphuric acid, and 
forms ferrisulphates, e.g. NH 4 [Fe(S0 4 ),] 
and K[Fe(S0 4 ) t J, 11,0. These may be 
obtained by heating their constituents in 
solution for some hours, when they arc 
deposited as white, sparingly soluble sub¬ 
stances. The notorious occlusion of ferric 
iron by barium sulphate has been attributed 
to the formation of Ba[Fc(S0 4 ),) s . 

Ferrous sulphate, FcS0 4 , 7H a O, is the 
best-known ferrous salt, and is sometimes 
called “ green vitriol ” or 44 copperas.” It 
Is obtained commercially in various ways, 
as by the weathering of iron pyrites in 
moist air, or from the towers of scrap iron 
which are sometimes used in chemical works 
to trap acid fumes. The licptahydrate 
normally crystallizes in the monoclinic 
system, but a mctastable rhombic form 
also exists. Other hydrates may be ob¬ 
tained having 0, 5, 4, 3, 2, and 1 11,0, the 
last-named retaining its water up to rather 
high temperatures (> 140°). It is easily 
soluble in water, 100 g. dissolving atO° 15'0, 
at 20° 26-5 and at CO’ 55 g. of the anhydrous 
salt. Anhydrous FeSO,. obtained by de¬ 
hydrating the hydrates, is white and very 
hygroscopic. It decomposes at red heat, 
yielding ferric oxide, sulphur trioxide, and 
sulphur dioxide. The solution is gradually 
oxidized on exposure to air, a basic ferric 
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sulphate being deposited. Ferrous sulphate 
forms with the sulphates of the alkali group 
a series of double salts of the type 

M I t S0 4 , FcS0 4 , 011,0, 

of which the best known is ferrous am¬ 
monium sulphate. 

Iron sulphides. Ferric sulphide, Fc,S„ is 
unstable and difficult to isolate. It is the 
first product of the action of hydrogen 
sulphide on a suspension of ferric hydroxide 
in water. When moist it soon decomposes 
to FeS -f FeS„ but if dried in vacuo over 
P,0 # is much more stable. It is a black 
substance, which forms soluble complex 
sulphides such as KFcS, (purple crystals), 
but is readily hydrolysed by boiling 
water. 

Ferrous sulphide, FeS, is formed as a 
black hydrated precipitate by the action of 
alkali sulphides on a solution of a ferrous 
salt, or it may be precipitated by hydrogen 
sulphide in presence of alkali acetate. It is 
readily soluble in dilute acids, but not in 
alkalis. Its solubility in water is of the 
order of 7 x 10-* mols per litre. It may 
be obtained in crystalline (hexagonal) form 
by the action of hydrogen sulphide on 
heated iron, and occurs in nature as 
troilitc. 

In addition to ferrous sulphide, FeS, and 
ferric sulphide, Fc,S„ there are two different 
disulphides (pyrites and mareosite), FeS,. 
The term magnetic pyrites is applied to 
natural or artificial substances having com¬ 
positions intermediate between FeS and 
Fe,S„ which are solid solutions. 

Pyrites and marcasitc both occur in 
nature, and both have been obtained arti¬ 
ficially. Pyrites is yellow, crystallizes in 
the cubic system, and has sp. gr. 5 027, 
whereas marcasitc (if pure) is white, 
rhombic, and has sp. gr. 4-887 (at 25°). 
Marcasitc is converted into pyrites when 
heated at 450°, but the reverse transforma¬ 
tion has never been observed. The two 
forms differ in reactivity, pyrites being the 
more inert to most reagents. 

Both of these minerals are largely used 
as sources of sulphur dioxide for the manu¬ 
facture of sulphuric acid. 

For the structure of FeS, pyrrhotite, see 
Evans's “Crystal Chemistry,** p. 212. 

Iron sulphites. Ferric sulphites, complex. 
The simple sulphite, Fc,(SO,),. has not been 
isolated, although it may exist in yellow 
solutions of ferric hydroxide in sulphurous 
acid. These solutions soon turn green, 
owing to formation of ferrous dithionate 
and sulphite. Some complex sulphites 
containing also the sulphate radical are 
known, e.g. by dissolving freshly precipi¬ 


tated ferric hydroxide in u solution of 
sodium bisulphite saturated with sulphur 
dioxide, and concentrating over sulph¬ 
uric acid, Na,Fe(S0,),(S0 4 ), 0H,O (yellow 
prisms) and Na,II,Fe,(S0,) 4 (S0 4 ), 2H,0 
(olive-green needles) have been obtained. 

Ferrous sulphite. Metallic iron dissolves 
in sulphurous acid without any evolution 
of hydrogen. The solution contains the 
sulphite along with thiosulphate and 
other products ; on evaporation colourless 
crystals of FeSO„ 3H,0 are deposited. The 
solution soon oxidizes in air, developing a 
red colour. 

Iron thiocyanate. Ferric thiocyanate, 
Fe(CNS),. 011,0, crystallizes in intensely 
red cubes. Its intense red colour in solu¬ 
tion affords a sensitive test for cither ferric 
or thiocyanate ions. There is some doubt 
as to whether the colour is to be attributed 
to the unionized salt or to complex anions 
like (Fe(CNS) # )"', or to both. The colour 
is destroyed by substances such ns (luoride 
or tartrate which remove ferric ions. 
Complex thiocyanates such as 


Na,Fe(CNS) 4 , 12H,O t 


which forms dark green crystals, may be 
isolated from the red solutions. 

Iron®, C„H m O. 

H,C CH, 

C 

HC^ \ll • CH : CH • CO • CH, 

hA Ah • CH, 

X 


A terpene ketone found in orris root, 
from various species of iris, and also pos¬ 
sibly in cassia flowers (Acacia Farnesiana). 
An oil with a smell of violets when in weak 
alcoholic solution. B.P. 144°/10 mm., 
d»* 0 939, n D 1-50113, <x D + 33-31°. Forms 
a p-bromophenylhydrazone of M.P. 174°- 
175° and an oxime of M.P. 121-5®. I9 an 
isomer of a- and 8-ionone. 

Irvine, Sir James Colquhoun (1877- ). 

Bom at Glasgow, Irvine was educated at 
Allan Glen’s School and the Royal Technical 
College, Glasgow, and the Universities of 
St. Andrews and Leipzig. In 1921 he was 
appointed Principal and Vice-Chancellor of 
St. Andrews University, where he held office 
as professor of chemistry and Dean of the 
Faculty of Science. He has made many 
important contributions to the chemistry of 
the sugars. Irvine was elected F.R.S. 
(1918), created C.B.E. (1920), and knighted 
in 1925. 
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Isatin, C.H.O.N. Yellowish-red prisms, 
M.P. 200°-201°. Sparingly CO 

soluble in cold water, read¬ 
ily in hot water or in hot 
alcohol or benzene. Sol¬ 
uble in alkalis to a violet 
solution, which turns pale 
yellow on warming, owing to hydrolysis 
to isatinic acid. 

First obtained by the oxidation of indigo. 
It is better prepared by heating a-isatin- 
anilidc with dilute mineral acid. 

It readily condenses with substances con¬ 
taining a reactive methylene group, e.g. 
acetoacetic ester. It is used for the prepara¬ 
tion of vat dyes by condensation with 
indoxyl (to give indirubin) or thioindoxyl. 

Isoamyl-, the radical 



CH 


^>CH CH,CH, - 


CH, 

Isoamyl alcohol. Sec Amyl alcohols. 

Isobars are elements of the same atomic 
weight but with different atomic numbers, 
i.e. having different chemical properties 
(cf. Isotopes). 

Isoborneol, C 10 H„O. 



This compound is a stereoisomer of 
borncol, and is always formed, together 
with the latter, by the hydration of cam- 
phcnc or by the reduction of camphor with 
sodium. t/Msoborneol is prepared by the 
hydration of camphcnc with a mixture of 
acetic and sulphuric acids, followed by 
hydrolysis of the isobomyl acetate so 
obtained. It is also formed by the catalytic 
hydrogenation of camphor in presence of 
platinum black. The optically active iso- 
borncols have M.P. 214°-217°. Their optical 
activity varies with the solvent employed, 
but shows [a) D ± 21-32° in toluene solution. 
It is smoothly oxidized to camphor by air 
or oxygen in the presence of various 
catalysts. It can be distinguished from 
borncol by the p-nitrobenzoate, M.P. 120°. 

CH. 

Isobutane, C 4 H 10 , NCHCH,, is a 

CH, 

colourless gas. It occurs in natural gas, 
and is produced in large amounts in the 
cracking of petroleum. It is used in 
refrigeration plant. For chemical proper¬ 
ties see Paraffins. 


Isobutene. See Butylenes. 

CH, X 

Isobutyl-, the radical ,CH 2 CH, 

CH, 

Isobutyl acetate. See Butyl acetates. 
Isobutyl alcohol. See Butyl alcohols. 
Isobutylene. See Butylenes. 

Isobutyryl is the name given to the group 

CH, X 

>CHCO— 

CH,/ 


Isocadinene. See Cadinenc. 

Isocrotonic acid. See Crotonic acids. 

Isodispersion. Many natural substances 
of high molecular weight form sols in which 
the dispersed particles, of colloidal dimen¬ 
sions, are all of the same size, and thus are 
termed isodispcrsc. Thus hemoglobin forms 
an isodispersion of particles all of molecular 
weight 08,000. Helix hemocyanin forms 
an isodispersion of “ molecular ” weight 
5.000,000. 

Artificially prepared colloidal sols usuully 
possess particles of widely varying size, but 
approximation to isodispersion can be 
produced by differential ultra-filtration. 

Isoelectric point. As dispersed sub¬ 
stances in general arc capable of being 
either positively or negatively charged 
according to whether positive (including 
hydrogen) ions or negative (including hy¬ 
droxyl) ions are predominantly adsorbed, 
they also possess an isoelectric point ut 
which the net charge on the particles is 
zero—positive and negative ions being ad¬ 
sorbed to an equal extent. At the iso¬ 
electric point the cataphorctic velocity is 
zero and the substance tends to flocculate. 
With hydrophilic ( q.v .) substances which are 
protected from coagulation by possession of 
a sheath of water, the stability is minimum 
at the isoelectric point (see Colloid, Coagula¬ 
tion. Zwittcrion). 

Isoleucine, 0-Methyl - 0 - ethyl - a-amino- 
propionic acid, C,H n O,N. 


CH, 

>CH . CH . COOH 
CH,. CH/ I 

NHj 

Crystallizes in colourless leaves, M.P. 284°, 
with decomposition. Soluble in water, in¬ 
soluble in alcohol. The naturally occurring 
substance is dextrorotatory, [a]” + 9 G1°. 
It is an amino-acid, occurring invariably 
associated with leucine, as a product of 
protein hydrolysis. Sec “ The Biochemistry 
of the Amino-Acids,” by Mitchell and 
Hamilton. 

Isomerism. Compounds possessing the 
same percentage composition and the same 
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Isonitrosoketones 


molecular weight, but differing in at least 
one of their physical or chemical properties, 
are said to be isomeric, and each is an isomer, 
or isomeridc, of the others. The isomerism 
nmy be of several types. 1. Structural 
isomerism, due to differences in the order 
in which the atoms arc joined together. 
This is further subdivided into (a) Chain or 
Nuclear isomerism, due to differences in the 
arrangement of carbon atoms in the mole¬ 
cule, as in 


CH,CH t CH t CH, and 


/CH, 

CH,CH< 

X CII, 


(6) Position isomerism, due to differences in 
the position of some group or atom with 
regard to the carbon chain or ring, as in 
CH.CH.CH.CI and CH.CHCl • CH, ; and 

(c) Functional group isomerism, due to 
differences in the type of compound, as in 

CII,COCH, and CH,CH,CHO. Tautomcr- 

ism, or Dynamic isomerism, is a special case 
of structural isomerism in which two 
isomers arc directly interconvertible. The 
reversibility of the change is due to the 
mobility of a group or atom, which can 
move, ns an ion, from one position to another 
in the molecule with rearrangement of a 
double bond. In certain cases it may be 
due only to a shifting of the double bonds. 
The more common types of structure show¬ 
ing tautomerism arc the Keto-Enol type, 
II 


>A 


—C=»0 ^ >C«=C—OH 

I I 

as in acetoacetic ester; the Three Carbon 
type, 

II 


>L 


C=C< ** 


H 

■L 


as in the substituted glutaconic acids; and 
the Amido-Amidol type, 

H 

—N—0=0 ^ —N=C—OH 

I I 

as in urea. These isomers are known as 
tautomers, or tautomcridcs, and exist in 
equilibrium in the liquid state or in solution. 
The speed of conversion of one form to the 
other varies widely in different cases, and 
may be so slow that it is possible to isolate 
both forms in a relatively pure state. There 
is no intcrconvcrsion in the solid state. The 
term Desmotropc has been applied to those 
tautomers which can be separated from each 
other. Sec Thorpe, Supplement, Vol. II, 
“Tautomerism.** 2. Space isomerism or 
Stereo-isomerism, due to differences only in 
the spatial orientation of the atoms in the 


molecule. This is subdivided into (a) 
Optical isomerism due to asymmetry. Such 
isomers differ only in the direction in which 
they turn the plane of polarized light. 
(6) Geometrical, or Cis-Trans isomerism, 
due to different arrangements of dissimilar 
atoms or groups attached to two atoms 
joined by a double bond or forming part of 
certain ring structures. Thus the isomeric 
fumaric and maleic acids arc represented 
by the formula; 

H—C—COOII II—C—COOII 

L and 

II H—C—COOH 

respectively. The presence of the double 
bond restricts the free rotation of the carbon 
atoms joined by it, and permits the existence 
of the two forms. Similarly, in certain ring 
structures, which need not contain double 
bonds, the free rotation of the atoms is 
restricted and other groups or atoms 
attached to them mny lie above or below 
the plane of the ring and give rise to geo¬ 
metrical isomers. This isomerism is not 
confined to the > C«C< bond, but exists 
also in compounds having >C=N— or 
—N—N— bonds. In the case of the 
>C=C< double bond or carbon ring, the 
isomers nrc distinguished by the prefixes 
cis- and trans - according as two given 
groups or atoms lie on the same or on 
opposite sides of the plane of the double 
bond or ring. In the other eases, the pre¬ 
fixes syn- and anti- are used ; thus the syn- 
aldoximes have the structure 
R—C—II 

N—OH 

For ketoximes, the group which is syn or 
anti to the hydroxyl group must be specified. 

Isomorphism. When a violet crystal of 
chrome alum is placed In a saturated solu¬ 
tion of potash alum it l»cgins to grow, 
without altering its crystalline form, by 
the accumulation of colourless potash alum. 
Moreover, a crystal of chrome alum will 
always induce crystallization of a super¬ 
saturated solution of potash alum, and 
vice versa. Substances which show this 
relationship are very similar in crystalline 
form and are said to be isomorpbous. The 
phenomenon is called isomorphism. 

Isonitrosoketones arc organic compounds 
containing the group 



They are monoximes of a-diketoncs, and are 
formed by treating ketones with amyl 
nitrite and hydrochloric acid. They are 
colourless crystalline solids, soluble in 
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Isopropylidene 


alcohol and ether, but usually sparingly 
soluble in water. They dissolve in alkalis to 
give salts having an intense yellow colour. 
Form a-diketoncs when treated with sul¬ 
phuric or nitrous acids. React with hydrox- 
ylamine to give dioximcs of the dikctones. 

Iso-octane. See Octanes. 

Isopolymorphism. Substances which have 
more than one crystalline form isomorphous 
with the crystalline forms of another sub¬ 
stance are said to show isopolymorphism. 
Thus, the octahedral and rhombic forms of 
arsenious oxide are respectively isomor¬ 
phous with the octahedral and rhombic 
forms of antimony trioxide. These oxides 
are isodiinorphous. 

Isoprene, 2-Methylbutadiene, C ft li a , 
CH,=C—CH=CH, 



is a colourless liquid with a penetrating 
odour, D™ 0 0800, B.P. 34°. Insoluble 
in water; miscible with benzene. It is 
obtained, together with other products, 
by the distillation of raw rubber, or by 
passing the vapour of turpentine oil through 
a metallic tube heated to redness. Manu¬ 
factured from mcthylethyl ketone by 
treating this with formaldehyde in presence 
of potassium hydroxide to give 2-methyl- 
3-ketobutanol, and reducing this to 2- 
mcthylbutylenc glycol. The glycol is con¬ 
verted to isoprene when its vapour is 
passed over a heated acid phosphate. It 
is also manufactured from fusel oil and from 
the pentane fraction of petroleum by 
chlorination to dichloropcntancs and sub¬ 
sequent dechlorination by heated barium 
chloride. It is converted to a rubber-like 
substance by heat or by the action of me¬ 
tallic sodium and other substances. It has 
been used for the preparation of synthetic 
rubber-like materials. See “ Chemistry of 
Synthetic Resins,” Vol. I, by Ellis. 

Isopropanol. See Isopropyl alcohol. 

/CH’ 

Isopropyl acetate, CH,COOCH , is a 

\h, 

colourless liquid with a fragrant odour. 
D° 0-9106, B.P. 88-2°. Insoluble in water; 
miscible with most organic solvents. Manu¬ 
factured by leading propylene into hot 
acetic acid containing sulphuric acid, or 
by heating isopropyl alcohol with acetic 
and sulphuric acids. It forms a constant¬ 
boiling mixture (B.P. 80-1°) with isopropyl 
alcohol (52-5 %). Decomposed by hot 
alkalis to isopropyl alcohol and an acetate. 

- Used as a solvent for cellulose nitrate and 


various gums; cellulose acetate is not 
soluble in it. 

Isopropyl alcohol. Isopropanol, C,H.O, 
CH, 

)CHOH, is a colourless liquid with a 
CH/ 

pleasant and characteristic odour. D*° 
0-7856, B.P. 82-4°. Miscible with water and 
most organic liquids. Forms a constant¬ 
boiling mixture (B.P. 80-4°) with water, 
containing 91 % alcohol by volume. Manu¬ 
factured from the propylene present in the 
gases obtained during the “ cracking ” of 
petroleum. The propylene is absorbed by 
90 %-95 % sulphuric acid and the product 
diluted with water and distilled. Some 
isopropyl ether is obtained as a by-product. 
The alcohol is also produced by the hydro¬ 
genation of acetone over a nickel or copper 
catalyst. Its chemical properties arc those 
of a typical secondary alcohol. Oxidation 
with potassium dichromatc and sulphuric 
acid gives acetone ; it is usually detected 
by this means. Used extensively ns a 
solvent, replacing ethyl alcohol in many 
commercial preparations such ns perfumes 
and cosmetics ; also used in manufacture of 
thymol, and as an anti-frecze in automobilc 
cngincs. Its esters are used as lacquer 
solvents. 

Isopropyl chloride, 2 - Chloropropane, 

CH. 

C,H,CI, /CH • Cl, is a colourless liquid 

CH/ 

with a pleasant odour. D ao 0-859, B.P. 
36-5°. Insoluble in water; miscible with 
most organic solvents. Manufactured by 
treating isopropyl alcohol with hydrochloric 
acid in presence of zinc chloride, or by 
passing the vapour of the alcohol and 
hydrochloric acid gas over a heated metallic 
chloride, such as magnesium chloride. It is 
used as a fat solvent. 

Isopropyl ether, C,H 14 0, 


CH, 


.CH, 


CHOCH 

CH/ \CH, 

is a colourless liquid with a sweet, camphor- 
like odour. D« 0-725, B.P. 67-5°. In¬ 
soluble in water; miscible with most organic 
solvents. It is produced as a by-product 
in the manufacture of isopropyl alcohol, and 
is made by heating this alcohol with sul¬ 
phuric acid. Like ethyl ether, it forms per¬ 
oxides when stored for any length of time. It 
is used as a solvent for dewaxing lubricating 
oils and for extraction of fats and oils. 

Isopropylidene is the name given to the 
group 

CH 

>C= 

CH/ 
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INTERNATIONAL TABLE OF STABLE ISOTOPES FOR 1040. 

As Published dy the Union Internationale de CniMin. 

(Amended 1042. Sec Nature, 1042, 150, 515.) 

(Numbers in italics are rough or indirect measurements, in brackets doubtful, 
w = weak isotope abundance not determined.) 


Symbol 

Atomic 

Number 

(Z) 

Mass 

Number 

(M) 

Relative 

Abundance 

(%) 

H 

1 

1 

00 08 

D 


2 

0 02 

He 

2 

3 




4 

100 

Li 

8 

0 

70 



7 

021 

Be 

4 

0 

100 

B 

5 

10 

20 



11 

80 

C 

0 

12 

080 



13 

11 

N 

7 

14 

00 62 



15 

0 38 

O 

8 

1G 

00-70 



17 

0 04 



18 

0 20 

F 

0 

10 

100 

Ne 

10 

20 

00 00 



21 

0-27 



22 

0-73 

Na 

11 

23 

100 

Mg 

12 

24 

77-4 


25 

11*5 



26 

111 

Al 

13 

27 

100 

Si 

14 

28 

80 6 



20 

6 2 



30 

4-2 

P 

15 

31 

100 

S 

10 

32 

051 



33 

074 



34 

42 



30 

0016 

Cl 

17 

35 

75-4 



37 

24 6 

A 

18 

36 

0-31 



38 

0 06 



40 

00-63 


Symbol 

Atomic 

Number 

(Z) 

Mass 

Number 

(M) 

Relative 

Abundance 

(%) 

K 

10 

30 

03-4 



40 

0 01 



41 

0-0 

Ca 

20 

40 

06-07 



42 

0 04 



43 

0-145 



4-4 

2-00 



40 

0 0033 



48 

0 185 

Sc 

21 

45 

100 

Ti 

22 

40 

7-04 



47 

7-75 



48 

73-45 



40 

5 52 



50 

5-34 

V 

28 

51 

100 

Cr 

24 

50 

4-40 



52 

83-78 



53 

0-43 



54 

2-30 

Mn 

25 

55 

100 

Fe 

26 

54 

6-0 



50 

01-0 



57 

2-1 



58 

0-28 

Co 

27 

57 

0-2 



50 

00-8 

Ni 

28 

58 

67-4 



60 

26-7 



61 

1-2 



62 

3-8 



04 

0-88 

Cu 

20 

63 

68 



65 

32 

Zn 

30 

64 

50-0 



06 

27-8 



67 

8-0 



68 

17-4 



70 

0-5 

Ga 

81 

60 

61-2 



71 

88-8 

Ge 

82 

70 

21-2 



72 

27-3 



78 

7-0 



74 

871 



76 

6-5 
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Symbol 

Atomic 

Number 

(Z) 

Mass 

Number 

(M) 

Relative 

Abundance 

(%) 

As 

33 

75 

100 

Sc 

34 

74 

0 0 


70 

0-5 



77 

8-3 



78 

24 0 



80 

480 



82 

0 3 

Br 

35 

70 

500 


81 

40-4 

Kr 

30 

78 

0-35 



80 

201 



82 

11-53 



83 

11-53 



84 

57-11 



80 

17-47 

Rb 

37 

85 

72-8 



87 

27-2 

Sr 

38 

84 

0 56 



80 

0-80 



87 

7-02 



88 

82-50 

Y 

30 

80 

100 

Zr 

40 

00 

48 



01 

11-5 



02 

22 



04 

17 



00 

1-5 

Nb 

41 

03 

100 

Mo 

42 

02 

14-0 



04 

0 40 



05 

10-1 



06 

10-0 



07 

9-65 



08 

24-1 



100 

9-25 

Ru 

44 

06 

5 



(98) 




00 

12 



100 

14 



101 

22 



102 

30 



104 

17 

Rh 

45 

(101) 

(01) 



103 

09-9 

Pd 

46 

102 

0-8 



104 

9-3 



105 

22 6 



106 

27-2 



108 

26-8 



110 

13-5 


19 


Symbol 

Atomic 

Number 

(Z) 

Mass 

Number 

(M) 

Relative 

Abundance 

<%) 

Ag 

47 

107 

52-5 



100 

47-5 

Cd 

48 

100 

1-4 



108 

1-0 



110 

12-8 



111 

13-0 



112 

24-2 



113 

12-3 



114 

280 



110 

7-3 

In 

49 

118 

4-5 



115 

05-5 

Sn 

50 

112 

1-1 



114 

0-8 



115 

0-4 



110 

15 5 



117 

0-1 



118 

22 5 



119 

0-8 



120 

28-5 



122 

5-5 



124 

’ 0-8 

Sb 

51 

121 

50 



123 

44 

Te 

52 

120 

W 



122 

2-0 



123 

10 



124 

4-5 



125 

0-0 



120 

100 



128 

32-8 



130 

38-1 

I 

53 

127 

100 

Xc 

54 

124 

0 004 



126 

0 088 



128 

1-00 



129 

20-23 



130 

4-07 



131 

21-17 



132 

20-00 



134 

10-54 



130 

8-95 

Cs 

55 

133 

100 

Ba 

50 

130 

0-101 



132 

0-097 



134 

2-42 



135 

6 0 



136 

7-8 



137 

11-3 



138 

71-7 

La 

57 

139 

100 
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INTERNATIONAL TABLE OF STABLE ISOTOPES {Continued). 


Symbol 

Atomic 

Number 

(Z) 

Mass 

Number 

(Af) 

Relative 

Abundance 

<%) 

Ce 

58 

130 

w 



138 

w 



140 

80 



142 

11 

Pr 

50 

141 

100 

Nd 

00 

142 

25 05 



143 

13 0 



144 

22 0 



145 

9 2 



140 

10-5 



147 

0 8 



148 

505 

Sm 

02 

144 

3 • 



147 

17 



148 

14 



140 

15 



150 

5 



152 

26 



154 

20 

Eu 

03 

151 

401 


• 

153 

50 0 

Gd 

04 

152 

0-2 



154 

1-5 



155 

21 



150 

22 



157 

17 



158 

22 



100 

10 

Tb 

65 

150 

100 

Dy 

00 

158 

0 1 


100 

15 



161 

22 



102 

24 



103 

24 



104 

28 

Ho 

07 

105 

100 

Er 

08 

162 

025 



164 

2 



100 

35 



107 

24 



168 

29 



170 

10 

Tm 

69 

109 

100 

Yb 

70 

168 

0 06 



170 

2 



171 

9 



172 

23 



173 

17 



174 

37 



176 

12 


Symbol 

Atomic 

Number 

(Z) 

Mass 

Number 

(M) 

Relative 

Abundance 

(%) 

Lu 

71 

175 

07-5 



170 

2-5 

Ilf 

72 

174 

03 



170 

5 



177 

10 



178 

28 



170 

18 



180 

30 

Ta 

73 

181 

100 

W 

74 

180 

0 2 



182 

22 0 



183 

17-3 



184 

801 



180 

20 >8 

Rc 

75 

185 

38-2 



187 

01-8 

Os 

70 

184 

0018 



180 

1-58 



187 

1 04 



188 

13-3 



180 

10-2 



100 

20-4 



102 

40-0 

Ir 

77 

191 

38-5 



193 

01-5 

Pt 

78 

102 

0-8 



194 

30 2 



105 

35 3 



100 

20-0 



108 

7-2 

Au 

70 

197 

100 

Hg 

80 

190 

0-15 


108 

1011 



100 

17-03 



200 

28-20 



201 

13-17 



202 

29-50 



204 

0*72 

TI 

81 

203 

20-1 



205 

70-0 

Pb 

82 

. 204 

1-5 



200 

23-5 



207 

22-7 



208 

52-8 

Bi 

83 

200 

100 

Th 

90 

232 

(100) 

* U 

92 

234 

0000 


285 

• 0-71 



238 

90-28 
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Jalap 


CH, 

I 

CH 

H.C^H, 

H,C CO 
\/ 

CH 

I 

C 

H 3 C CH, 


Isopropylmethylbenzenes. See Cymenes. 

Isopulegol. See Isopulegonc. 

Isopulegone, C 1# H„0. An 
optically active monocyclic 
ketone formed by the oxida¬ 
tion of isopulegol with 
chromic acid, and also pos¬ 
sibly accompanying pulegone 
in pennyroyal oil. (Iso¬ 
pulegol is an alcohol formed 
by the cyclization of citron- 
ellal.) Isopulegone has the 
following constants : B.P. 

101°-102°/17 mm., dj° 0*9208. 
n{? 1*4067, [<x] D about + 25°, 
but the values given for the last constant 
by various workers vary widely. Its semi- 
carbazone has M.P. 175°-17G°. Isopulegone 
is very easily converted into its isomer, 
pulegone, for example by traces of sodium 
ethoxide. 

Isoquinoline. Crystallizes in tables, M.P. 
24°, B.P. 242° (700 mm.), 

1*0980. Odour like that of 
quinoline, volatile in steam, 
used for the preparation of 
Quinoline Red. 

Isotonic solutions. Solutions having the 
same osmotic pressure arc termed isotonic 
solutions. 

Isotope. The characteristic chemical pro¬ 
perties of an atom are due to the number 
and arrangement of the electrons round the 
nucleus, which in turn ore governed by the 



resultant positive charge on the nucleus. 
Hence it is possible to have two atoms of 
identical chemical properties, but different 
masses, provided the charge on the nucleus 
is the same in each case. Elements (or 
atoms) of the same chemical properties but 
of different atomic weights are called iso¬ 
topes. See list of Isotopes on pp. 288-290. 

Since the various isotopes of one element 
differ only in mass, they can be separated by 
using the very slight difference in physical 
properties that this mass difference causes. 
The methods used include fractional distilla¬ 
tion, exchange reactions, diffusion, thermal 
diffusion, electrolysis, and electromagnetic 
methods. 

Isotropic. A substance which has iden¬ 
tical properties in all directions in its mass 
is said to be isotropic. 

Isovaleric acid. See Valeric acids. 

Itaconic acid, C,II 4 0 4 , 

CH,: C—COOH 
^HjCOOII 

White crystals, M.P. 162°-104°. Solubility 
in water: 8 gm. in 100 ml. at 20°, 73 gm. 
in 100 ml. at 80° : sparingly soluble in ether, 
benzene, chloroform. It can be prepared by 
the fermentation of sugar with the mould 
Aspergillus lerreus or by heating citraconic 
anhydride with water at 150°. Electrolysis 
of the potassium salt in solution gives allcnc. 
Its esters can be polymerized to give plastics. 


Jabir ibn Hayyan. about a.d. 720-813, 
lived at Baghdad and is supposed to have 
been the author of a Latin book attributed 
to Geber which contains an account of 
chemical experiments. The works of Geber 
arc probably of much later date. 

“ J-Acid *’ dyes. See also Direct cotton 
dyes. The simple monazo-dyes derived 
from “ J-acid ” (2 : 5-aminonaphthol-7-sul- 



have an affinity for cotton which is not 
shared by the dyes from other naphthol- 
sulphonic acids. Some complex modifica¬ 
tions are faster to acids than are the direct 
dyes derived from benzidine. In addition 
to “ J-acid ” itself, its N-aryl and N-acyl 
derivatives are used (Brilliant Benzo Violet 
2RL, Brilliant Fast Blue, Rosanthrene O, 
etc.). 


Jackson, Sir Herbert (1863-1930). Born 
at Hampstead, Jackson was educated at 
King's College School and King's College, 
London. After holding several junior 
teaching posts, he was elected professor of 
organic chemistry at King's College in 
1905 and Danicll professor of chemistry in 
1914. Four years later he became Director 
of Research of the British Scientific Instru¬ 
ment Research Association. His researches 
cover such widely diverse subjects as phos¬ 
phorescence, laundry work, and glass. In 
1917 he was created K.B.E. and elected 
F.R.S. See J. Chem. Soc., 1938, p. 155. 

Jade, a tough variety of actinolite or 
treinolitc, which consists submicroscopically 
of fine fibres matted in all directions. It 
resembles, in some respects, an opaque 
glass and can receive a very high polish. 
It was greatly prized by the Chinese and 
still is sought by collectors. 

Jalap consists of the dried tuberous roots 
of Ipomoea purga, a plant growing in 
Mexico. Its chief constituent is a resin 
which possesses purgative properties, acting 



Jalapin 
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on the small intestine and producing watery 
evacuations. Jalap and jalap resin are 
useful ingredients of aperient pills, and are 
often administered nlong with aloin, which 
acts on the large intestine, together with 
carminatives to counteract the griping 
action. 

Jalapin, C 9l H ct O, a . the glycosidic resin 
from Orizaba root, yields on hydrolysis the 
sugars glucose, rhnmnosc, nnd rhodeosc, 
together with jalaponic acid, which is 
11-hydroxyhexadccanoic acid. It has M.P. 
208°. 

Janssen, Pierre Jules Cesar (1824-1007). 
Born in Paris, Janssen took up the study of 
mathematics and physics. In 1875 he was 
appointed Director of the Astrophysical 
Observatory at Mcudon. In 1808, inde¬ 
pendently with Sir N. Lockycr, Janssen 
observed a yellow line in the spectrum of 
the sun’s photosphere, the llrst indication 
of the element helium. 

Japp, Francis Robert (1848-1025). A 
member of a family of Dutch origin, Japp 
was born at Dundee, where he received his 
early education. After graduating in arts 
at St. Andrews University, he proceeded to 
Edinburgh to study law. Ill-health inter¬ 
rupted his studies and forced him to reside 
abroad for several years. Becoming in¬ 
terested in chemistry, he worked under 
Bunsen (Heidelberg) nnd KekulC (Bonn). 
In 1881 he was appointed assistant professor 
at the Itoyal School of Mines, London, and 
in 1800 became professor of chemistry at 
Aberdeen. His original work consisted 
mainly of studies of the reactions of benzil, 
benzoin, nnd phenanthraquinone. He was 
elected F.R.S. in 1885. See J. Chem. Soc., 

1020, p. 1008. 

Jasper, (a) a hardened siliceous clay, 
often with a striped structure and of 
various colours; it is used as an orna¬ 
mental stone and as a gem-stone; ( b) a 
fine, unglazed stoneware invented by 
Josiah Wedgwood and made by adding 
barium carbonate to a mixture used for 
semi-porcelain ware. It can be mode of 
almost any desired colour and can be 
polished until it feels almost like satin. 
The copies by Josiah Wedgwood of the 
famous Portland Vase were in jasper ware. 

Jaw crusher. In the jaw crusher reduc¬ 
tion of the size of rock or similar material 
is effected between two jaws inclined at a 
slight angle to each other and to the vertical 
plane in the form of a V. One jaw is 
solidly fixed and forms the front of the 
machine, the other is hinged at its upper 
edge and the lower edge is given a recipro¬ 
cating motion by an eccentric connected to 
it by a pitman and toggle bars. 


Material is fed into the top of the crusher, 
falls into the jaws as they open, nnd when 
they close is held and submitted to intense 
localized pressure which causes crushing. 
The degree of reduction in size produced 
depends upon the width of the gap between 
the jaws, and this can, in the majority of 
machines, l>c adjusted l»etwcen certain 
limits to any required value. The jaws 
themselves arc made of manganese steel or 
other material resistant to abrasion, and arc 
corrugated to intensify and localize the 
pressure exerted. 

Machines of this type arc also frequently 
known as Blake or Dodge crushers. 

Jelutong. A highly resinous rubber-like 
material obtained from the tree Di/era 
costularia by tapping. 

Jeremiassen (Oslo) crystallizer. This is 
a continuous type of crystallizer operating 
on Micro's theory of crystal formation. 
The system consists of a crystallizer, 
heating clement, and cvaj>orntor; u nearly 
saturated solution at a temperature in the 
neighbourhood of the boiling-point passes 
through the heater to the evaporator, where 
a certain amount of flash evaporation 
occurs. The solution then passes to the 
bottom of the crystallizer in a supersatur¬ 
ated, but not labile, condition ; nil the excess 
solute is deposited on crystals already 
formed nnd kept in suspension by the 
upward flow of liquid. The excess solution 
posses out at the top of the crystallizer 
and flows back to the heater; the fully grown 
crystals fall to the bottom nnd arc there 
discharged 

Jig. The commonest type of jig con¬ 
sists of a container with a hopper bottom 
divided in the middle by a partition extend¬ 
ing half-way down. On one side is a screen 
on which the feed is placed and on the 
other a plunger to which a reciprocating 
motion is given. The apparatus is filled 
with water, or a solution of suitable density, 
and further liquid allowed to flow slowly 
through. The effect of the motion of the 
plunger is to cause the liquid to surge 
through the material on the screen, keeping 
it in motion and allowing the less dense 
solids to pass forward with the overflow. 
This principle is widely employed in the 
cleaning of coal in the Baum and similar 
types of washer. 

Johnson, Samuel William (1830-1900). 
Johnson was born at Kingsboro, New York, 
and studied at Yale, Halle, and Munich. 
Returning to Yale in -1855 he became 
professor of analytical chemistry in 1856, 
of agricultural chemistry in 1857, and of 
agricultural and theoretical chemistry in 
1875. He retired in 1895. A firm believer 
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in the application of science to agriculture, 
he was largely responsible for the foundation 
of the Connecticut State Agricultural 
Experiment Station, and in 1878 was 
President of the American Chemical 
Society. 

Johnson, Treat Baldwin (1875- ). 

Johnson was born at Bethany, Connecticut, 
and educated at Yale, with which he has 
maintained an unbroken association, being 
successively instructor, assistant professor 
(1909), professor of organic chemistry (1914), 
and Sterling professor of chemistry (1925). 
His numerous papers deal chiefly with 
organic synthesis, and his work on the 


Kainite. A naturally occurring hydrated 
double suit of magnesium sulphate and 
potassium chloride, MgSO«, KCI, 3H t O. 
When pure it forms colourless monoclinic 
crystals, sp. gr. 2*1, hardness 3. Large 
beds of kainite of a white, grey, or reddish 
colour occur in the Stassfurt salt deposits. 
The mineral is a useful fertilizer, and has 
been used us a source of potassium salts. 

Kaolin, a term applied to certain primary 
clays, remarkable for their whiteness after 
calcination nnd their great refractoriness. 
The best-known British kaolin is china clay. 
Large deposits of valuable kaolins occur in 
St. Tricix, Limoges, in France; Meissen, 
Halle, nnd Zcttlitz near Carlsbad in Ger¬ 
many; Illinois, Carolina, Missouri, Utah, nnd 
Texas in the United States. Impure white 
burning clays of lower refractoriness (often 
regarded ns kaolins) occur in many parts of 
the world, but arc of small commercial 
value. Kaolins uppeur to have had two 
origins : (<i) weathering of granite masses, 
(6) the decomposition of granite by hot 
chemically active liquids and gases; the 
products differ slightly, being marked in the 
properties of porcelain made from kaolins 
of different origins. 

Kaolin appears to be amorphous, but on 
X-ray analysis it is crystalline, and contains 
one or more clay-minerals. It is usually 
assumed to consist chiefly of kaolinite, but 
this substance has not been proved to be 
the dominant mineral in some kaolins. 
Few kaolins arc quite pure ; up to 10 % of 
mica and other adventitious minerals is 
common though the ordinary method of 
expressing chemical analysis obscures this 
fact. 

Kaolinite, a white clay mineral with the 
formula Al 2 Si 2 0 9 H 4 . It has an earthy 
texture and is apparently amorphous, but 
on X-ray analysis is found to be crystal- 


pyrimidine compounds gained him the 
Nichols Medal in 1918. He retired in 1943. 

Joule, James Prescott (1818-1889). Born 
at Salford, near Manchester, Joule was of 
independent means, and devoted his life to 
scientific research. He studied the relations 
between electrical, mechanical, and chemi¬ 
cal effects and deduced the first law of 
thermodynamics. With Lord Kelvin he 
discovered the Joule-Thomson effect. His 
brilliant work was recognized by his election 
to the Fellowship of the Royal Society, 
and a Civil List pension. Sec Nature, 1882 
(October). 

Juniper tar oil. See Oil of cade. 

K 

line. Sp. gr. 2 0, hardness 2-3. Almost 
infusible and therefore highly refractory. 
The crystals are monoclinic : a 5-14 a., 
b = 8-90 a., c = 7-2 a., fi « 100° 12'. There 
are four molecules in the unit cell. Accord¬ 
ing to Sir Wm. Bragg, kaolinite has been 
formed from halloysitc by the elimination 
of eight hydrogen atoms and four oxygen 
atoms, in the form of water. 

The cell appears to consist of two sheets ; 
in the lower one tetrahedral groups are 
linked by three comers to form a hexa¬ 
gonal sheet, with the vertices all in one 
direction and the OH groups inside each 
hexagonal ring of vertices. The upper sheet 
is of OH groups with A1 atoms occupying 
positions of six co-ordination between the 
two sheets. 

Very few crystals of kaolinite can usually 
be seen in kaolin and china clay, but it is 
usually assumed that both these substances 
are chiefly composed of kaolinite or one 
of its isomers of the same chemical com¬ 
position. 

Karrer, Paul (1889- ). Karrer was 

born at Moscow and educated at Zurich, 
where he was an assistant in 1911-12. He 
then worked with Khrlich at Frankfurt 
a.M., returning to Zurich in 1918 as extra¬ 
ordinary professor of organic chemistry. 
In 1919 he became ordinary professor of 
chemistry and Director of the Chemical 
Institute. His work on the carotenoids and 
flavins, and on vitamins A nnd B,. gained 
him the Nobel Prize in Chemistry for 1937 
jointly with W. N. Haworth. 

Kathaemoglobin. A compound of h«cma- 
tin with denatured globin, formed by 
treating mcth.-emoglobin with chloroform. 

Kekule, Friedrich August (1829-1890). 
Born at Darmstadt, Kekul6, originally a 
student of architecture, fell under the spell 
of Liebig’s lectures at Giessen and, like 
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Hofmann, became a convert to chemistry. 
After a period spent in study in Paris, 
Switzerland, and London, he returned, in 
1856, to Germany as privatdozent at 
Heidelberg. Thereafter he became pro¬ 
fessor of chemistry at Ghent (1858) and 
Bonn (1807). Although the author and 
inspirer of a large amount of experimental 
work, Kekull's greatest service to chemistry 
consisted in the development of the theories 
of molecular structure. See Mem. l*rl., J. 
Chem. Soc., 1808, p. 07. 

Kelly Alter. The Kelly leaf filter is of 
essentially the same type as the Moore, 
except that it is totally enclosed, the slurry 
being fed in under pressure, and accordingly 
effects a considerable economy in floor 
space. The rectangular leaves are arranged 
longitudinally in a horizontal cylinder, are 
fixed to a removable head, and are carried 
inside the drum on rails. The filtrate is 
forced through the leaves by the pressure 
on the slurry, and is discharged into a 
manifold, the cake is washed by displace¬ 
ment and discharged by running the leaves 
out of the drum and blowing with com¬ 
pressed air. 

Kelvin. Lord (William Thomson) (1824- 
1007). Born at Belfast, Thomson was a 
gruduate of Cambridge University before 
proceeding to Paris to work under Regnault. 
From 1840 until be retired In 1890 he 
occupied the Chair of Natural Philosophy 
at Glasgow University. His researches 
were chiefly in the field of thermodynamics 
and the compression of gases. He proposed 
the absolute scale of temperatures, and it 
was largely due to his investigations that 
the Atlantic cable was completed. As an 
inventor of accurate and delicate scientific 
instruments he was unsurpassed. F.R.S., 
he was knighted in 1800 , raised to the 
peerage (Baron Kelvin of Largs) in 1802, 
and created O.M. in 1002. 

Kelvin scale. Sec Absolute temperature. 

Kendall, Edward Calvin (1880- ). 

Born at S. Norwalk, Connecticut, Kendall 
studied at Columbia University, New 
York. In 1010 he became a research 
chemist to Parke, Davis & Co., Detroit, 
and in 1011 went to St. Luke’s Hospital, 
New York. Since 1014 he has been head 
of the section of chemistry at the Mayo 
Clinic, Rochester, and professor of bio¬ 
chemistry in the University of Minnesota. 
He has worked chiefly on the thyroid gland, 
from which he isolated the active principle, 
thyroxin. 

Kendall, James (1880- ). Bom at 

Cobham, Surrey, Kendall was educated at 
Famham Grammar School, University of 
Edinburgh, and the Nobel Institute, Stock¬ 


holm. He was appointed professor of 
chemistry. Columbia University. New York 
(1913), Washington Square College, New 
York University (1920), and University of 
Edinburgh (1928). His investigations have 
been in the field of inorganic and physical 
chemistry. He was elected F.R.S. in 
1027. 

Kephalin. A generic name for substances 
of the formula: 


CH, • DOCK, 

CH • OOCR, 

(b, • OP—O • CH, • CH, 


NIL 


where R, and It, are fatty acid residues. 
They resemble the lecithins in structure, 
with aminocthyl alcohol replacing the 
stronger base choline. Stearic acid is the 
only saturated fatty acid that has been 
obtained on hydrolysis of kephalins, and 
oleic, linoleic, and arachidonic acids the 
unsaturated acids. The kephalins are 
found associated with the lecithins in all 
animal and vegetable tissues, and they 
resemble them in most respects, but arc less 
soluble in alcohol and less readily hydrolysed 
by acids and alkalis. They arc white, 
brittle solids, very hygroscopic, and forming 
colloidal solutions with water. They arc 
soluble in most fat solvents, but insoluble 
in acetone. They can be obtained by 
extracting tissues with petroleum ether 
and precipitating with ether, and separated 
from the lecithins via the cadmium chloride 
salts which arc soluble in ether, whereas the 
corresponding lecithin salts are insoluble. 
See " Lecithin and Allied Substances,” by 
Maclean and Maclean. 


Kerasin, C 4 ,H„0,N. 


CH, • (CH,)„ • CO • NH 
CH, • (CH)|, : CH • <!h • CH • CH,OH 

A 


CH • (CHOH), • CH • CH,OH 

I_._I 


A white amorphous powder, M.P. 180°, 
with decomposition. Anisotropic. Soluble 
in hot alcohol, insoluble in water and ether. 
Laivorotatory. Kerasin is one of the 
cercbrosidcs, and is found associated with 
phrenosin in brain and nervous tissue. 
On hydrolysis it gives D-galactose, sphin- 
gosine, and lignoceric acid. 

Lignoceric acid from kerasin has been 
shown to be a mixture containing C„ and 



Keratin 


295 


Ketols 


r acids as well as the C , 4 acid indicated 
in* the above formula. Kerasin itself is 
therefore a mixture. 

Koratin An insoluble protein or group 
of proteins, belonging to the scleroprote.n 
class, found in the skin, hair, nails, horns, 
hoofs, and feathers of animals It is in¬ 
soluble in the usual protein solvents and 
unattacked by pepsin or trypsin. It can 
be obtained by treating any of the above 
tissues with alcohol, ether, and water and 
removing other proteins by enzymic hy¬ 
drolysis, the keratin remaining as an in¬ 
soluble residue. On hydrolysis with strong 
acid it gives a high percentage of the 
sulphur-containing amino-acid, cystine. Its 
structure has been investigated by Astbury, 
who has found that it exists in two forms, 
0 -keratin with a straight chain. 


Nil 


CO 


R 



\ 


II 


’ll 


k 


where U represents an amino-acid residue, 
and a-keratin with a folded chain, 

R—CH 


>1 


H 

\ 


CO 

_/V 


CH NH 


k 

R 

i 


H 


CH— R 


CO 


Vh 


I 

a-Keratin can be converted into 0-keratin 
by stretching in steam. See Astbury, 
Trans. Faraday Soc., 1933, 29, 193. 

Kerosene. A petroleum fraction with a dis¬ 
tillation range of approximately 140° to 285°. 
Chiefly used as a fuel or lamp oil; in the 
latter connexion a slightly heavier kerosene, 
sometimes termed long-time burning oil, 
with a F.B.P. of 293°, may be used. This 
latter is more heavily refined to remove 
substances which tend to form a crust on 
the wick, thus causing a deterioration in 
burning properties of the lamp oil. 

Popularly known as paraffin in Great 
Britain, it is a colourless liquid having a 
blue fluorescence. When obtained from 
American petroleum, it consists of mixtures 


of the hvdrocarbons from dccane to hexa- 
decanc;' kerosenes from other sources 
contain a considerable proportion of the 
higher olefines. 

Ketals are ketone acetals of the general 
formula 

R v ^OR" 


R'/\0R' 


They are colourless liquids with character¬ 
istic odours, and are prepared by the con¬ 
densation of ketones with alkyl ortho- 
formates in the presence of alcohols ; or by 
the reaction of acetylenes with alcohols 
in presence of mercuric oxide and boron 
fluoride. In some cases trichloroacetic acid 
is used os the catalyst. They lose alcohol 
when heated and form vinyl ethers. Ex¬ 
change of alcohol groups occurs when the 
ketals of the lower alcohols are boiled with 
alcohols of greater molecular weight. 

Ketene, CH,: CO. is a colourless gas. It 
is manufactured by passing acetone rapidly 
through metallic tubes heated at 550°-800°, 
or by heating acetic acid at 700°-1000°. It 
is very unstable, and must be used ns soon 
as it is made or it changes to a resinous 
material. Reacts with water to form acetic 
acid, with alcohols to give acetates, with 
acetic acid to give acetic anhydride, and 
with amines to give acetyl derivatives. 
Used as an acetylating ogent, particularly 
in the manufacture of cellulose acetate. 

Ketenes are organic compounds containing 
the group >0=0=0. They arc formed 
by the action of zinc powder on the acid 
bromide or chloride of an a-bromo- or 
a-chloro-fatty acid; or by heating the 
anhydride of a dibasic acid. Ketene itself 
and other ketenes containing the group 
—Cl 1=0=0 arc colourless substances and 
arc polymerized by quinoline and do not 
form additive compounds with substances 
containing a >0=0 or >C«=N— group. 
The remaining ketenes arc highly coloured 
and form additive comj»ounds with quinoline 
and with substances containing > 0=0 and 
>C=N— groups. Both types react readily 
with water to give acids, with alcohols to 
give esters, and with halogens and halogen 
acids. 

Keto-, a prefix used to denote that the 
substance in question contains a carbon 
atom attached to an oxygen atom by a 
double bond and to two other carbon 
atoms by single bonds. 

Ketols arc organic compounds containing 
both a keto- and an alcohol group. The 
name is an abbreviation for ketone alcohol. 
They arc formed by oxidation of glycols 
or by condensation between two molecules 
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of a ketone. They exhibit the typical 
properties of both alcohols and ketones. 

Ketomalonic acid. See Mcsoxalic acid. 

Ketones are organic compounds contain¬ 
ing the group shown herewith. 

They arc classified as ali¬ 
phatic, aromatic, cyclic, and 
mixed ketones, the mixed 
ketones having one aromatic and one 
aliphatic group attached to the carbonyl 
(>0=0) group. The cyclic ketones have 
the carbon of the carbonyl group as part 
of a ring. They arc formed by the dry 
distillation of the calcium or barium salts 
of acids, or by passing the vapours of acids 
over thorium oxide at 400°. Some ketones 
may be obtained by oxidation of secondary 
alcohols. Aromatic and mixed ketones 
arc usually prepared by the Friedet and 
Crafts reaction. Aliphatic ketones are 
usually liquids and aromatic ketones solids, 
possessing ethereal or aromatic odours. 
They arc generally insoluble in water but 
soluble in alcohol or ether. They arc re¬ 
duced to secondary alcohols, but arc re¬ 
sistant to oxidation and give mixtures of 
acids and other products when oxidized. 
Form oximes with hydroxylaminc and 
semicarbazones with scmicarbazidc. Iso- 
nitrosoketoncs arc formed by the action of 
sodium nitrite. 

Ketose. A ketose is a sugar containing 
a potential kcto-(CO) group. The group 
may be obscured by its inclusion in a ring 
system, but is obvious if the structure of 
the sugar is expressed by the old straight- 
chain formula. Ketoses arc called keto- 
pcntoscs, kctohcxoscs, etc., according to 
the number of carbon atoms they contain. 

Ketoximes arc organic substances con¬ 
taining the group >C=NOH and having 
each of these free valencies united with 
another carbon atom. They are formed by 
treating ketones with hydroxylaminc. They 
arc similar in properties to the aldoximes, 
but undergo the Hcckmann rearrangement 
when treated with sulphuric acid. They arc 
reduced to primary amines. 

Kick’s law. This law is founded on the 
assumption that the power consumed in any 
size reduction process is proportional to the 
logarithm of the ratio of the original and 
final diameters of the particles (D and d) 

Hp = K log ~ , 

where K is an arbitrary constant which must 
be determined experimentally for any given 
material and set of conditions. 

Kieserite, MgS0 4 ,2H,0. A mineral, large 
quantities of which occur in the Stassfurt 
salt beds. It can be converted to Epsom 


Kipp’s apparatus 

salt, MgS0 4 .7H,0, by dissolving in hot 
water and crystallizing. 

Kieselguhr. Kicselguhr is a silica formed 
from the skeletons of diatoinncx and there¬ 
fore in a line porous form. As it is not to 
any great extent hydrated,, its adsorbent 
and decolorizing properties are not as great 
as those of siliea gel, but the material has 
been much used as an adsorbent for liquid 
explosives. Thus dynamite is a kicselguhr- 
nitroglycerin mixture. Kicselguhr is greatly 
used ns an insulating material, and also as 
a catalyst carrier. 

Kinetic theory of gases. This theory 
postulates that gases consist of clastic 

particles having a temperature-dependent, 
incessant, random motion. The properties 
of gases arc derived by applying the laws of 
probability and of particle dynamics to such 
a system. 

Kinetics, chemical. That branch of 
chemistry which is concerned with explain¬ 
ing the observed characteristics of chemical 
reactions, e.g. the effect of pressure, tem¬ 
perature, or concentration of reactants on 
the velocity of reactions, in terms of the 
kinetic theory of gases is called chemical 
kinetics. 

King’s yellow. A pigment consisting of 
a mixture of arsenic trisulphidc and trioxide, 
prepared by subliming the trioxide with 
sulphur. 

Kino consists of the dried juice obtained 
from the tmnk of Flerocarpus Marsupium, 
an Indian tree, and occurs in small irregular 
dark red transparent fragments. It eon- 
tains a large proportion of kinotannic acid, 
and is strongly astringent. It is used in the 
form of a lozenge for sore throats, and as a 
diluted tincture for a mouth wash for sore 
gums. In powder form, it is administered 
internally for diurrha*n and dysentery. 

Kipping, Frederick Stanley (1803- ). 

Until recently professor of chemistry, 
University College, Nottingham, Kipping 
was bom at Manchester, and studied at the 
Lyc*e, Caen, Owens College, and the 
University of Munich. His researches 
include studies of the isomerism of com¬ 
pounds of silicon and phosphorus. He was 
awarded the Longstaff Medal of the Chemical 
Society in 1909, and elected F.R.S. in 1897. 

Kipp's apparatus. An apparatus for the 
production of a gas by the action of a liquid 
on a solid. It consists of three globes, 
the top one acts as a reservoir for the liquid 
and is connected with the bottom globe. 
The middle globe contains the solid. When 
gas is drawn off from the middle globe, tjic 
liquid in the lower globe rises and reacts 
with the solid, and when gas is no longer 
required the back pressure drives the 
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liquid out of contact with the solid and 
evolution of gas ceases. 

C Kirchhoff, Gustav Robert (18^-1887^ 
Bom at KOnigsberg. Pruss.a, Kirchhoff 
studied under Bunsen at Breslau and 
Heidelberg. In 1851 he was appointed 
nrofessor of physics at the University of 
Heidelberg, and in 1875 he received a 
Similar appointment at Berlin. Working 
with Bunsen, he discovered the elements 
cjcsium and rubidium; he formulated the 
relationship between heat of reaction and 
temperature into a law. 

Kirchhoff’s equation. This equation, de¬ 
rived from the First Law of Thermo¬ 
dynamics, connects the specific heats of 

the reactants (27c,) and the products (23c.) 
in a chemical reaction, with the change 
• of heat tonality (rfU/rfT). in the following 

manner: 

dV 


3T 


Zc x - £c t . 


Kish. The term applied to a crystalline 
graphite deposited in iron furnaces on 
cooling molten iron. 

Kjeldahl flask. A round-bottomed flask 
with a long, wide neck used in the 
determination of nitrogen by Kjeldahl’s 
method. 

Kjeldahl's method for the determination 
of nitrogen. The principle of the method 
is the conversion of the nitrogenous sub¬ 
stance to ammonium sulphate by boiling 
with sulphuric acid in the presence of a 
catalyst, usually copper sulphate. Potas¬ 
sium sulphutc is added to raise the boiling- 
point. The mixture is then made alkaline 
and the ammonia distilled off into stan¬ 
dard acid. The method is particularly 
suitable for use as a micro method. For 
details of manipulation see books on 
analysis or practical biochemistry. 

Kiaproth, Martin Heinrich (1743-1817). 
Klaproth was born at Wcrnigcrodc, Ger¬ 
many. Although he did not ignore chem¬ 
istry during the earlier part of his life, it 
was only after relinquishing his profession 
of apothecary in 1787 that he devoted 
himself in real earnest to chemical investiga¬ 
tions. In 1792 he began to teach chemistry 
in the Artillery School at Berlin and in 
1810 he became the first professor of chem¬ 
istry at Berlin University. He was one 
of the first German chemists to uphold 
Lavoisier’s theory of combustion, and 
carried out a notable series of mineralogical 
analyses, of which he published detailed 
results and during which he discovered four 
elements. 

Klaus, Karl Karlovich (1796-1864). Bom 
at Dorpat (Tartu), Esthonia, where he 


received his early education, Klaus became 
apprenticed to a pharmacist at St. Peters¬ 
burg. In 1831 he was appointed assistant 
in the chemistry department of the Uni¬ 
versity of Dorpat, and in 1852 became 
professor of pharmacy there. His chemical 
investigations were on the platinum group 
of metals. He discovered the clement 
ruthenium. 

Kneaders. These machines may be 
divided into two types according to whether 
the shaft carrying the mixing members is 
horizontal or vertical. The most common 
type of vertical kneadcr consists of a 
number of stout vertical metal bars mounted 
on a horizontal arm, the whole being rotated 
by a vertical metal shaft at a comparatively 
slow s|>ccd. This type of machine is very 
widely employed in the manufacture of 
inks and pharmaceutical pastes and oint¬ 
ments, the precise design of the knives 
depending upon the material to be handled. 

Horizontal kneaders consist of a number 
of knives mounted parallel to a horizontal 
shaft and rotating in a trough containing 
the raw materials of the mix. 

Kneading is the process of incorporating 
small quantities of a liquid intimntcly 
with a solid to produce a moist, but still 
solid mass. If the quantities of solid and 
liquid arc such that a fluid suspension is 
produced the process would be more cor¬ 
rectly termed agitation. 

Kneading pan mills. Sec Edge-runner 
mill. 

Knocking. Sec Detonation. 

Kogasin is an artificial petroleum pro¬ 
duced by passing a mixture of carbon 
monoxide and hydrogen over cobult, iron, 
or nickel catalysts at high temperatures. 
The name is derived by a contraction of 
Kohlc-Gos-Bcnzin. Distillation of the pro¬ 
duct gives Gasol. a mixture of gaseous 
hydrocarbons; Kogasin I, B.P. 30°-200° ; 
Kogasin II, B.P. above 200° ; and an arti¬ 
ficial ceresin. The various fractions contain 
chiefly straight and branchcd-chnin paraffins 
and olefines. 

Kohlrausch equation. An equation de¬ 
vised to explain the behaviour of strong 
electrolytes on dilution, viz. /!»— A p = AC*, 
wherein /l® is the equivalent conductivity 
at infinite dilution. A, that at volume r, A 
is a constant, and C is the concentration of 
the electrolyte. 

Kohlraush, Friedrich Wilhelm (1840-1910). 
Born at Rintcln on the Wcser, Kohlraush 
studied at Gottingen and Erlangen. He 
was appointed professor of physics at 
Gottingen (I860), Frankfurt (1870), Darm¬ 
stadt (1871), Wurzburg (1875), and Stras- 
burg (1888). In 1900 he became honorary 
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professor of physics at Berlin. His re¬ 
searches were mainly on electricity and 
magnetism and on the conductivity of 
electrolytes. 

Kojic acid, 5-Hydrory-2-hydroxymethyl-y- 
pyrone, C,H,0 4 . 



H C CH.OH 

\ / 

O 

Crystallizes in needles, M.I\ 152°, soluble 
in water and alcohol. A product of the 
action of moulds of the Aspergillus fluvus- 
oryzic groups on glucose. 

Kolbe, Adolphe Wilhelm Hermann (1818- 
1884). Kolbe was bom at Ellichauscn, 
near Gottingen. A pupil of Wohler, he 
became assistant to Bunsen, and later 
worked with Playfair in London. In 1847 
he returned to Germnny as editor of the 
“ Dictionary of Chemistry " which had been 
started by Liebig, whom he succeeded as 
professor of chemistry at Marburg in 1851. 
In 1805 he was appointed to the University 
of Leipzig. A brilliant teacher, his value as 
a critic was marred by the excessive sharp¬ 
ness and lack of balance of his language. 
Sec J. Chem. Soc., 1885, p. 828. 

Konig, Walter (1878- ). KOnig was 

appointed research chemist to Fr. Bayer in 
1900, and professor of chemistry at Dresden 
Technical High School in 1913. He has 
published many books and original papers 
on dyestuffs, on which he is a recognized 
authority. 

Kopp, Hermann Franz Moritz (1817-1892). 
Bom at llanau, Kopp became a pupil of 
Liebig at Giessen. Together they founded, 
in 1849, the Jahresbericht der Chcmic.” 
In 1803 Kopp became professor of chemistry 
at Heidelberg. His experimental investi¬ 
gations lay chiclly in the domain of physical 
chemistry, of which he may, in some 
respects, be regarded os the founder, but his 
fame rests mainly on his writings dealing 
with the history of chemistry. See Mem. 
Led., J. Chem. Soc., 1893, p. 775. 

Korner, Wilhelm (Guglielmo) (1839-1925). 
Born in Casscl, KOmer studied at the 
Polytcchnique before proceeding to work 
with Will, Kopp, Engclbach, and Kekul6. 
In 1805 he became assistant to Professor 
Odling at St. Bartholomew's Hospital, and 
in 1807 was elected to the Chair of Chemistry 
at Bonn. In 1870 the “ Scuola Supcriore di 
Agricoltura ” was founded at Milan, and 
KOmcr was appointed to the Chair of 
Organic Chemistry. His research was 
chiclly upon the constitution and orienta¬ 


tion of aromatic compounds. A member of 
many learned societies, he was awarded the 
Davy Medal of the Koval Society. See J. 
Chem. Soc., 1925, p. 2975. 

Kossel, Walther (1888- ). Educated 

at Heidelberg and Berlin, Kossel was 
appointed professor of theoretical physics 
at the University of Kiel (1921) and at the 
Technical High School, Danzig (1932). His 
researches have been chiclly upon atomic 
physics, particularly Kttntgen spectra. 

Krameria, or rhatany root, is the dried 
root of Krameria iriandra, a shrub growing 
in Bolivia and Peru. It possesses powerful 
astringent properties, and is used internally 
for diarrhoea, and in the form of a diluted 
tincture as a mouth wash for sore gums and 
as a gargle for inflamed throats. 

Kraus, Charles August (1875- ). Born 

at Knightsvillc, Indiana, Kraus studied at 
the University of Kansas, the Johns 
Hopkins University, and the Massachusetts 
Institute of Technology. After teaching at 
the University of California and the 
Massachusetts Institute of Technology lie 
became professor of chemistry and Director 
of the Laboratory at Clark University in 
1914. In 1924 he was appointed professor 
of chemistry and Director of Chemical 
Research at Brown University. His ex¬ 
tensive researches ineludc work on liquid 
ammonia solutions, germanium and gullium. 
Awarded the Nichols Medal (1924) and the 
Willard Gibbs Medal (1935). 

Krypton, Kr. At. no. 30, At. wt. 83-7. 
One of the inert rare gases of the atmosphere, 
which was isolated by Ramsay and Travers 
in 1898 from the less volatile portions of the 
residue of the fractionation of large quan¬ 
tities of liquid air. The gas was identified 
by measurements of its density and ob¬ 
servations of its spectrum. Like the other 
rare gases of the atmosphere, krypton i9 
monatomic. It has a boiling-point of 
— 151-7® and a melting-point of — 169°. 
The density of liquid krypton at the boiling- 
point is 2-155. The absorption coefficient 
in water at 0® is 0-1105. The gas is present 
to the extent of 0 00005 parts per thousand 
by volume in the atmosphere. The spec¬ 
trum of an electrical discharge through 
krypton at low pressures contains a number 
of lines in the yellow, blue, and green. The 
most persistent line is one at A 5570 a. 
Krypton, when excited in an electrical 
discharge at a pressure of about 1 mm., 
emits a pale violet light. The colour varies 
with the discharge conditions. 

K series. See Secondary radiations. 

Kundt, August Adolph Eduard Eberhard 
(1839-1914). Born at Schwerin in Mecklen¬ 
burg, Kundt studied at Leipzig and Berlin. 



Kunfcel 


299 


Lactides 


In 1888 he was appointed professor of experi¬ 
mental physics and Director of the Berlin 
Physical Institute. His researches were on 
different branches of physics, particularly on 
sound, light, and specific heat determinations. 

Kunkel, John, was bom in 1630, and 
entered the laboratory of the Elector 
of Saxony; he taught chemistry at the 
University of Wittenburg and was useful 
in making public the method of preparing 
phosphorus. He discovered how to make 


ruby glass by means of the purple of Cassius. 
He died in Stockholm in 1702. 

Kynurenic acid, 4-Hydroxy quinoline-2- 
car boxy lie acid, C I0 H 7 O,N. Crystallizes in 
needles, M.P. 282°-283°. OH 

Insoluble in water, sol¬ 
uble in hot alcohol. It 
is excreted in the urine 
of the dog and some .. 

. other mammals, being 
| formed from the amino-acid, tryptophan. 
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Labradorite, a variety of plagioclasc 
felspar which varies in composition from 
equal molecular parts of albite and anor- 
thitc, to a mixture of one mole of albite to 
three of anorthitc. The crystals are tri- 
clinic with a : b : c — 0 0377 : 1 : 0-3547, 
a - 93° 31', p - H0° 3', and y = 89° 54'. 
Sp. gr. 2-07-2-7, hardness « 0. It shrinks 
greatly when melted. M.P. 1477*. Refrac. 
index 1-555. Crystals of large size arc rare, 
but often show a brilliant play of colours 
when viewed at a suitable angle. The 
fracture is irregular and splinty. It occurs 
as a primary constituent of some basic 
igneous rocks. On prolonged exposure it 
forms kaolin. 

Laccase, an enzyme found in various 
bacteria and mushrooms and also in higher 
plants and fruits, effects the oxidation of 
polyphenols to the respective quinoncs 
which subsequently undergo further change. 
It docs not attack tyrosine or monophcnols. 
It is measured by the amount of purpuro- 
gallin it forms from pyrogallol. 

Lactalbumin. A protein, belonging to the 
albumin class, present in milk. It has a 
molecular weight of about 17,500, and is 
very similar in its properties to the albumin 
of the blood. It contains the essential 
amino-acid cystine, which is only present in 
traces in casein, the chief protein of milk. 

Lactams. Amino-acids when heated lose 
water to form lactams. The water is 
eliminated between the carboxyl group 
and the amino-group and a cyclic compound 
is formed. Also obtained by reduction of 
the imides of dicarboxylic acids or by 
isomerization of the oximes of cyclic 
ketones. Rings containing five, six, and 
eight atoms can be obtained. The lactams 
are decomposed by heating with alkalis 
and the amino-acid is formed. They are 
colourless solids and are extremely poisonous. 

Lactase is the enzyme which hydrolyses 
milk sugar and synthetic 0-gaIactosides. It 
is present in kephir, in emulsin, and in the 
small intestine of the young mammal. No 


special purification methods are available and 
the enzyme has been only partially studied. 

Lactic acids. CjH.O,. CH.CIIOII • COOH. 
There are two optically active acids, and 
one inactive acid which is a mixture of 
equal amounts of the two active acids. 
They occur as colourless syrupy liquids 
which readily absorb moisture, and arc 
formed by the fermentation of sugars by 
the lactobacilli and sonic moulds. They 
are very soluble in water, but sparingly 
soluble in ether. When slowly distilled 
they lose water and form lactidc. L-Lactic 
acid, sarcolactic acid, occurs in muscle, 
being formed by the breakdown of carbo¬ 
hydrate. M.P. 25°-20\ [a]{>‘ + 3-82°. 

D-Lactic acid, M.P. 20°-27°. [aft* - 2 20°. 
DL-Lactic acid. M.P. 18’, B.P. 122°/I4 mm. 
Forms an insoluble zinc salt; corresponding 
salts of the active acids ure soluble. The 
acids arc used in the dyeing of wool and 
in the tanning of leather. The esters arc 
used as plasticizers. 

0-Lactic acid. Sec Hydracrylic acid. 

Lactide, C,II,0 4 , occurs in optically active 
forms. Prepared by the slow 
distillation of concentrated 
solutions of the lactic acids. 

L-Lactidc forms colourless 
rhombic crystals. M.P. 95°, 

B.P. 150°/25 mm. Sparingly 
soluble in alcohol and ether. 

[*]}>• — 298* in benzene. 

Prepared from L-lactic acid. 

It is partially converted to lactic acid by 
water. D-Lactidc has properties similar to 
those of L-lactide but its rotation is opposite 
in sign. DL-Lactidc crystallizes in colour¬ 
less needles. M.P. 124-5°, B.P. 142°/8 inm. 
Sparingly soluble in alcohol and ether. 
Obtained from DL-lactic acid. 

Lactides. When a-hydroxy-fatty acids 
arc heated they lose water and form lactides. 
These contain the group 

CO—O—CH— 



—1'H—O—CO 
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and are formed by the interaction between 
two molecules of the hydroxy-acid whereby 
a molecule of water is eliminated l»ctwecn 
the hydroxyl group of one and the carlioxyl 
group of the other. They arc decomposed 
by heating with water to regenerate the 
original acid. 

Lactochrome, Lactoflavin. See Riboflavin. 

Lactones arc anhydrides formed by 
elimination of water between the hydroxyl 
and carboxyl groups of hydroxy-acids. 
Since they arc ring compounds containing 
carbon atoms, the ease with which they 
arc formed depends upon the number of 
utoms in the ring to be formed. The 
commonest lactones arc those of y- and 
5-hydroxy-acids, since these have rings 
containing five and six atoms respectively. 
They are usually formed spontaneously in 
concentrated solutions of the acids, or by 
heating such solutions with small amounts 
of sulphuric acid. They arc usually crystal¬ 
line solids which nre partially decomposed 
by water with regeneration of the hydroxy- 
acid. The reaction resembles esterification 
in being a reversible one. 

Lactose, C ls H : ,O u , or inilk sugar, first 
discovered in 1015, occurs in the milk of 
all animals, but not in plants. Human 
milk contains 0 %, cow’s milk. 4 %. It is 
manufactured by the evaporation of whey. 

It is glucose-4-/?-galnctosidc. Like glu¬ 
cose it gives rise to two series of isomeric 
derivatives, the a-lactosc of commerce has 
[<x]d + 0°°. /Mnetose has + 35° and the 
rotation of u solution after standing is 
+ 55-3°. Lactose is not fermented, it is 
hydrolysed by a special enzyme lactase. 
The mechanism of its formation from glu¬ 
cose during lactation is not understood. 

Ladenburg, Albert (1842-1011). Bom at 
Mannheim, Ladenburg was educated at 
the Polytechnic, Karlsruhe, and at Heidel¬ 
berg University where he worked under 
Carius. Later he studied under Kckul* 
(Ghent) and Fricdel (Paris). In 1872 he 
became professor of chemistry at Kiel and 
in 1889 at Breslau. He investigated the 
organic compounds of silicon and syn¬ 
thesized the alkaloid coniine. In 1907 he 
was awarded the Davy Medal of the Royal 
Society. See “Chem. Soc. Mem. Lect.” 
1013. 

Lmvorotatory. See Optical activity. 

Leevulinic acid, Levulinic acid, Lavulic 
acid, C s H.O„ CHjCOCI^CH.COOH, forms 
colourless crystals. M.P. 33°-35°, B.P. 
245°-240°. Very soluble in water, alcohol, 
and ether. Prepared by heating cane 
sugar or starch with concentrated hydro¬ 
chloric acid. Gives iodoform when treated 
with iodine and potassium hydroxide in 


Lampitt 

the cold. Reduced to y-valerolnctone. Also 
reacts as a ketone. Used in cotton printing. 

Lavulose. See Fructose. 

Lakes are insoluble pigments obtained bv 
precipitating solutions of organic colouring 
mntters with metallic salts or other agents. 

Lamb, Arthur Becket (1880- ). n„m 

at Attleboro, Massachusetts, Lamb studied 
at Tufts, Harvard, I-cipzig, and Heidelberg. 
After two years as an instructor at Harvard 
he went to New York University as assistant 
professor of chemistry, becoming full 
professor in 1909. In 1912 he returned to 
Harvard as assistant professor of chemistry, 
and since 1920 lie has been professor of 
chemistry and Director of the Chemical 
Laboratories, lie was President of the 
American Chemical Society in 1933. 

Lambert’s law. This law, proposed by 
Lambert in 1700, states that layers of equal 
thickness of a homogeneous material absorb 
equal proportions of light, and mny lie- 
expressed mathematically as follows: 

I - h** 4 . 

where I is the intensity of the transmitted 
hght, I 0 that of the incident light, <1 the 
thickness of the layer, and « a constant, 
characteristic of the substunee, known as 
the absorption cocflicient; * also depends 
on the wave-length of the light employed. 
When solutions arc considered, it is clearly 
desirable to modify this expression to 
include the concentration of the absorbing 
molecules. This modification is embodied 
in Beer’s law ( q.v .). 

Laminates. Synthetic resins arc used to 
bond layers of reinforcing agents such ns 
cotton cloth, paper, asbestos fabric, and 
glass cloth in the production of laminated 
sheet materials. When amino resins nre 
used to bond the sheets light coloured 
materials having high track resistance and 
good tensile strength result. These materials 
arc used for decorative purposes and have 
sufficient arc resistance for electrical use in 
saline or dusty conditions. Phenol resin 
bonded laminates arc used industrially in 
the construction of bearings and gears and 
for other applications when silent running, 
strength, and freedom from lubrication are 
desirable. The materials have high water 
and acid resistance, but most grades arc 
attacked to a certain extent by alkalis. 

Lampitt, Leslie Herbert (1887- ). Edu¬ 

cated at Birmingham University, Lampitt 
was chief chemist to La Meunerie Bruxel- 
loise, Brussels, from 1911 to 1914. From 
that date until 1919 he was engaged on war 
service, later becoming Director and chief 
Chemist to Messrs. J. Lyons & Co. Ltd. 



Landis 


301 


Lapworth 


Landis, Walter Savage (1881-1944) Bom 
at Pottstown, Pennsylvania, Landis was 
educated at Lehigh University, studying 
later at Heidelberg and Aachen. After 
an academic career at Lehigh from 1902 
to 1912 he joined the Amcncan Cyanamid 
Co as chief technologist, becoming \ice- 
Prcsident in 1922. His work on nitrogen 
fixation, electric smelting, and heavy 
chemicals gained him the Chemical In¬ 
dustry Medal in 1930 and the Perkin 

MC Lafldolt, Hans Heinrich (1831-1910). A 
native of Zurich, Landolt studied chemistry 
at Zurich, Breslau, Berlin, and Heidelberg. 
In 1850 he became a dozent at Breslau and 
in 1807 was appointed professor of chemistry 
at Bonn. Thereafter he became professor 
in the newly founded Technical College at 
Aix-Ia-Chapcllc (1809) and in the University 
of Berlin (1891). His contributions to 
science lie mainly in the fields of refractivity 
and optical activity. See J. Chan. Soe., 
1911, P- 1053. 

Langmuir, Irving (1881- ). An 

American, Langmuir was educated at 
Columbia University and the University 
of GOttingcn. He was appointed instructor 
in chemistry at Stevens Institute of Tech¬ 
nology (1900) but in 1909 became associated 
with the Research Laboratories of the 
General Electric Company. Among his 
contributions to science arc the gas-filled 
lamp and the use of hydrogen in the atomic 
state for welding. He was awarded the 
Nobel Prize for Chemistry in 1932. 

Lanoceric acid, C M H M () 4 . A saturated 
dihydroxy-fatty acid occurring combined 
in wool fat. It crystallizes in leaflets, 
M.P. 104°* 105°, sparingly soluble in ether 
and benzene. Its existence as a pure sub¬ 
stance has been doubted. 

Lanolin. A crude preparation of chol¬ 
esterol and its esters obtained from wool 
fat. Anhydrous lanolin is extracted from 
wool by kneading with water to give an 
emulsion and then centrifuging. It is a 
pale yellow tenacious substance melting 
at about 37°. Lanolin itself is anhydrous 
lanolin mixed with about 30 % of water. 
In medicine it is used either alone or mixed 
with soft paraffin, lard, or other fat as an 
ointment base and is a constituent of many 
toilet creams. It readily penetrates the 
skin and it is capable of taking up about 
half its weight of water so that it makes an 
ideal base for the administration of drugs 
that are required to be absorbed through 
the skin. 

Lanthanum, La. At. no. 57, At. wt. 138-92; 
One of the most abundant of the rare-earth 
elements. Metallic lanthanum, which is 


prepared by electrolysis of a fused mixture 
of lanthanum chloride and potassium 
chloride, is a grey metal, which can be 
polished but which tarnishes in the air. 
Its density at 15° is C-1598. Its melting- 
point is 810°-82G°. The metal is para¬ 
magnetic and has a considerable thermionic 
activity. Its hardness is intermediate 
between cerium and zinc. The metal is 
known to form alloys with aluminium und 
with iron. The latter arc pyrophoric (see 
Mischmetal). The chemical reactivity of 
lanthanum is similar to that of the alkaline- 
earth elements ; thus it absorbs hydrogen 
when heated, is readily attacked by oxygen, 
will decompose water with liberation of 
hydrogen, and combines with nitrogen to 
form a nitride LaN. The element has no 
technical importance. 

Lanthanum compounds. Lanthanum is 
a trivalent element, its salts being derived 
from the white oxide La,Oj, which is 
formed by calcining the hydroxide, nitrate, 
oxalate or sulphate. The hydroxide 
La(OH), is formed as a white gelatinous 
precipitate on adding ammonia to a solu¬ 
tion of a lanthanum salt. The metal ab¬ 
sorbs hydrogen when heated to about 
300’. An interstitial compound is formed 
the formula of which approximates to 

I, aH,. The chloride is known ns the 
heptnhydrate, which forms colourless tri¬ 
clinic crystals, and ns the anhydrous salt, 
LaCI, (M.P. circa 875°). Bromine and 
iodine form similar compounds. Lan¬ 
thanum fluoride, LnF„ H t O, is formed ns 
a white gelatinous precipitate by the addi¬ 
tion of a soluble fluoride to a solution of 
a lanthanum salt. Lanthanum forms two 
sulphides, La s S, and La t S t . When the inctal 
is heated in nitrogen it forms the nitride 
LaN, a white powder which is decomposed 
by water with liberation of ammonia. 
Lanthanum carbonate occurs naturally as 
lanthanite, Ln,(CO,)„ 811,0. Addition of 
alkali carbonates to solutions of lanthanum 
salts precipitates the carbonate La 2 (C0 3 ) 3 , 

II, 0. Many other salts of lanthanum have 
been prepared and described. Solutions 
of lanthanum salts arc colourless, i.e. they 
show no characteristic absorption bands. 

Lapis-lazuli, a blue stone corresponding 
to a natural ultramarine; it is found 
chiefly in Tibet, Siberia. Persia, and China. 
It was greatly prized by the ancient 
Mesopotamians and Egyptians. The term is 
also applied to other materials having the 
same colour. 

Lapworth, Arthur (1873-1941). Lapworth 
was educated at the Mason Science College 
and the Central Technical College, South 
Kensington. He was at different times 



Laricic 


Laue 


302 


professor of both organic and physical 
chemistry at Manchester University. He 
made a life-study of molecular rearrange¬ 
ments in organic compounds. See Nature, 
1041, 147, 709. 

Laricic acid. See Agaricin. 

Lassaigne’s Test. A general test for the 
presence of nitrogen in an organic com¬ 
pound, a little of which is heated with a 
pellet of sodium in a hard-glass test tube ; 
the hot tube is plunged into distilled water 
and the product ground. Ferric chloride 
and sodium cyanide are added to the 
filtered solution after boiling with ferrous 
sulphate to convert the sodium cyanide 
formed during the fusion into fcrrocyanide. 
A blue colour due to the formation of 
Prussian blue shows the presence of nitro¬ 
gen in the original compound. 

Latent heat. The heat evolved or ab¬ 
sorbed in a change in the physical state of 
a substance, e.g. in its passage from solid 
to liquid or from liquid to vapour. The 
heat is generally measured in terms of the 
number of calorics evolved or absorbed 
per gram or per gram molecule. The heat 
effect in such changes is reversible. The 
heat absorbed when one gram of a substance 
passes from the solid to the liquid state 
at the melting temperature of the substance 
in question is called the Latent Heat of 
Fusion, and that absorbed when one gram 
of liquid is transformed into vapour is 
called the Latent Heat of Vaporization ; 
the term is employed usually but not 
always for the change taking place at the 
boiling point of the liquid at 1 atmosphere 
pressure. 

Laterite, a mass of disintegrated rock 
produced by the weathering of a basic 
material such as basalt. Its chief con¬ 
stituent is hydrargyllite, Al,0„ 311,0, with 
some free iron oxide. It is one of the most 
extensive products of rock-decay in the 
tropics and is the source of much of the red 
mud in the Amazon and other rivers. It 
is specially abundant in India, Malaya, the 
Dutch East Indies, Western Australia, 
Africa, South America, and China. Laterite 
differs from clay in the absence of silica 
and in being a primary deposit (i.e. found 
in situ). The bauxitic fireclays of Ayrshire, 
Scotland, may be latcrites. The composi¬ 
tion of laterite ranges from pure iron oxide 
to pure aluminium hydrate, and some 
lateritcs contain large proportions of clay. 
Its predominant colour is brown; its 
texture is fine and the particles are ap¬ 
parently amorphous. 

Latex, the milky juice which exudes from 
the bark of certain trees when punctured. 
Latex is obtained by making an incision 


in the bark. The most important source 
is I/evea brasiliensis. Latex is an emulsion 
or suspension containing rubber particles 
which arc round (diumeters about 0-5 
micron to 2 microns) or pear-shaped (lengths 
about 1-5 microns to 3 microns). Fresh 
latex contains about 30 %-40 % of rubber, 
about 2 % of proteins, and resins, sugar, 
and mineral matter. Latex coagulates 
spontaneously on standing for less than 
24 hours, and commercially is coagulated 
by addition of a small quantity of formic 
or acetic acid. It can be preserved by 
adding ammonia or a hydrophilic colloid. 
Latex is concentrated by centrifuging, 
evaporating, creaming, or filtering, giving 
a liquid with a rubber content of up to 
about 80 %, depending on the method of 
concentration. It is used for the direct 
manufacture of rubber goods by dipping, 
moulding, spreading, or electro-depositing, 
nnd for the manufacture of impregnated 
textiles, adhesives, nnd pnints. Latex has 
become of commercial importance only 
since the comparatively recent introduction 
of methods of stabilization, concentration, 
and transport which have mndc possible 
its cx|>ort to manufacturing countries. 
Latex can be vulcanized without coagulation 
(sec Vulcanized latex). 

Lathe. Frank Eugene (1883- ). Lathe 

was bom at Lacollc, P.Q., and educated 
at McGill University. After being chief 
chemist to numerous metallurgical com¬ 
panies he became technical assistant to 
the President of the National Research 
Council of Canada in 1025, nnd since 1030 
has been Director of the Division of Research 
Information. His work has dealt with 
nickel refining, the utilization of Canadian 
magnesite, etc., and in 1930-37 lie was 
President of the Canadian Institute of 
Chemistry. 

Laudanum. A tincture of opium con¬ 
taining 1 % of morphine. 

Laue, Max von (1879- ). Born at 

Pfaffendorf, near Coblenz, Laue studied at 
the Universities of Strasburg, Gottingen, 
and Munich. He held office as professor 
of physics at the Universities of Zurich 
and Frankfurt and later became Director 
of the Institute for Theoretical Physics, 
Berlin. He was the first to suggest the 
use of a crystal to act as a “ grating ” for 
the diffraction of X-rays and has made 
investigations on crystal structure by means 
of these rays. He was awarded the Nobel 
Prize for Physics in 1914. 

Laue Pattern. The symmetrical array 
of spots obtained on a photographic plate 
exposed to a non-homogeneous beam of 
X-rays after its passage through a crystal. 
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Patterns of this sort were first observed 
in 1912 by Friedrich and Kmppmg, vv °rk.ng 
on a suggestion made by Lnue. iney 
constitute the earliest, although one of 
the most difficult, methods of investigating 
crystal structure by means o f X-rays. 

Laughlin continuous centrifuge. In this 
type of centrifuge the basket is horizontal 
and the wet feed is introduced at one end 
by means of a screw conveyor. The liquid 
escapes through perforations in the wall 
of the basket and the solid is earned for¬ 
ward by a helical scraper, rotating at a 
slightly different speed from the basket, 
and discharged through ports at the far 
end of the centrifuge. 

Laurent. Auguste (1807-1853). Born at 
La Folie, near Langres in France, Laurent 
qualified as a mining engineer but later 
became tutorial assistant to Dumas in 
Paris, where he carried out his first chemical 
investigation. In 1838 he was appointed 
professor of chemistry at Bordeaux, but 
returned to Paris in 1845 and three years 
later was appointed assayer at the Mint. 
Laurent was distinguished mainly for his 
experimental and theoretical studies in 
organic chemistry. 

Laurie acid, n-Dodccylic acid, 

CH, [CH.1 I0 COOH. Crystallizes in needles, 
M.P. 44°, B.P. 225°/100 mm. A fatty acid 
occurring as glycerides in milk, spermaceti, 
laurel oil, coconut oil, palm oil, and other 
vegetable oils. 

Lauryl alcohol, Dodecyl alcohol. C^H^O, 
CH X * [CIIjIiq • CH,OH, crystallizes in colour¬ 
less leaflets. M.P. 24°, B.P. 150°/20 mm. 
Insoluble in water; soluble in alcohol. 
Manufactured by reduction of ethyl laurate 
or glyceryl trilaurate by hydrogen under 
pressure in presence of catalysts. Used 
in manufacture of detergents. 

Lautal. An aluminium—silicon 2 %, 
copper 4 %, alloy resembling duralumin in 
many respects. It is more resistant to 
corrosion than aluminium. 

Lavoisier, Antoine Laurent, was bom 
in Paris in 1743 ; he studied chemistry 
under Rouelle at the Jardin du Roi and in 
1765 explained for the first time the set¬ 
ting of plaster of paris. His experimental 
researches were not so important as his 
interpretation of the experiments of himself 
and others. He took a part in the reform 
of chemical nomenclature and was precise 
in his language ; he lived at a time when 
many false theories and surmises prevailed, 
and he was one of the very few who re¬ 
cognized that suppositions handed down 
from the past became imposing by the 
weight of authority they gradually 
acquire. Lavoisier reasoned from facts 


only, and his reasoning was reduced to simple 
operations and was free from prejudices 
In this respect he resembled Pasteur. He 
was able in the space of a few years to give 
chemistry a strictly scientific <* aract " 
that it had not previously possessed. As 
a member of the fertnc gintral he incurred 
the hatred of the Convention, was arrested in 
1793, and executed very shortly afterwards. 

Law of constancy of interfacial angles. 

See Iuterfacial angles. 

Law of mass action. See Mass action. 

Law of rationality of intercepts. Sec 

Rationality of intercepts. 

Layer lattice. A term applied to crystal 
structures in which well-defined layers, 
cither simple or composite, of atoms may 
be distinguished. The forces between the 
atoms within the layers arc stronger than 
those holding the layers together, leading 
to good cleavage parallel to the layers. 
Examples of layer lattices include graphite, 
boric acid, cadmium iodide and chloride, 
and molybdenum sulphide. 

Lead, ’ Pb. At. no. 82. The atomic 
weight of ordinary lead is 207-21 ; the 
atomic weight of lead derived from uranium 
minerals is about 200 1 to 200 0; that of 
lead derived from thorium minerals is about 
208-4. Lead is a mixture of isotopes with 
atomic weights (masses) of 208 (52-3 %), 
200 (23-5 %), 207 (22 7 %), 204 (1-5 %), 
203, 205, 209 and 210. 

It is a silvery-white or greyish metal that 
has been known from prehistoric times. 
Sp. gr. 11-33-11-30. M.P. about 320°, B.P. 
about 1000°. I»cad crystallizes with the 
face-centred cubic structure, a 4-939 a . 
Sp. heat at 18° is 0 0299. It is malle¬ 
able, and may be rolled into sheet or foil 
and extruded into pipe. 

It is usually obtained from the sulphide, 
PbS, by roasting in a furnace ; the roasting 
takes place in two stages : first the forma¬ 
tion of lead sulphate, PbS0 4 , then an 
action between the sulphide and sulphate, 
thus 

PbS + PbSO* = 2Pb + 2SO a . 

Coal or iron is usually added to the sulphide 
in the furnace. Lead is freed from silver 
by crystallization or by melting with zinc. 
It may be refined by electrolysis. Lead is 
one of the disintegration products of thorium 
and radium. Lead sheets and lead pipes 
are largely used in industry, and lead is 
also used in the manufacture of electric 
cables. Lead is used on a large scale in the 
manufacture of lead accumulators, red lead, 
and white lead. 

Lead accumulator. An accumulator con¬ 
sists of a number of plates of lead, and each 
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alternate plate is connected to one wire 
and the remaining plates to another wire. 
The plates are covered with a mixture of 
oxides of lead and sulphate of lead, and 
are placed in dilute sulphuric acid. When 
a current is passed through the accumulator 
lead peroxide is formed on one set of 
plates and metallic lead on the other set of 
plates, and a little extra sulphuric acid is 
produced. When the accumulator is used 
to generate electricity the sulphuric acid 
acts on the lead, the lead oxide, and per¬ 
oxide, forming lead sulphate and water, and 
the current of electricity flows until a state 
of equilibrium is reached. 

Lead acetates. The common lead acetate 
(sugar of lead), Pb<C a H,O a ) a , 3H.O, forms 
colourless, monoclinic crystals isomorphous 
with zinc acetate. Sp. gr. 2-50, M.P. 75°; 
at 100 ° it loses acetic acid and water, forming 
a basic acetate. 100 g. of water dissolve 
50 g. of the salt at 25°, 100 g. at 40’, and 
200 g. at 100°. It is also soluble in alcohol. 
It can also be obtained as an anhydrous 
salt. 

A basic acetate, Pb(C a H,O a ) a , PbO, 2H a O, 
is formed by adding lead oxide to a solution 
of lead acetate or by pouring a solution of 
lead acetate into excess of ammonia. 

Another basic acetate, Pb(C a H a O,) a , 
2Pb(OII) a , is known and other basic acc- 
tutes have been reported, but the exact 
constitution of the basic acetates of lead is 
rather obscure. 

Lead tetra-acetate, PbfCjHjO,),, is a 
crystalline solid obtained by dissolving red 
lead in warm, concentrated acetic acid. 

Lead alloys. The principal alloys of lead 
arc included in tin alloys; other lead alloys 
are antirnonial lead containing from 6 % to 
8 % of antimony, and tellurium lead con¬ 
taining about 01 % of tellurium. Rose’s 
metal consists of bismuth 50 parts, lead 
27 parts, tin 23 parts; it melts at 05°. 
Wood’s metal consists of bismuth 50 %, 
lead 25%, tin 12-5%, cadmium 12-5%; 
it melts at 70°. 

Lead antimoniate, Pb(SbO,) a , 0H,O, is a 
white solid formed by adding a solution of 
antimonic acid to one of lead acetate ; when 
dried over sulphuric acid it loses seven mole¬ 
cules of water. Naples yellow, an anti¬ 
moniate of lead containing lead oxide, is 
prepared by heating 1 part of tartar emetic, 
2 parts of lead nitrate, and 4 parts of sodium 
chloride, or by heating 1 part of potass'ium 
antimoniate with 2 parts of red lead. 
Naples yellow is used as an oil-pigment and 
for colouring glass and porcelain. 

Lead azide, Pb(N 3 ) 2 , crystallizes in white 
needles, which explode on heating. It is 
prepared by precipitating a solution of 


sodium or ammonium azoimidc with lead 
acetate. 

Lead carbonate, PbC0 3 , occurs as the 
mineral ccrussite, in rhombic crystals iso¬ 
morphous with the carbonates of calcium, 
strontium, and barium; the crystallo¬ 
graphic axes are a = 514, b = 8 45, and 
c 6-10 a. Density 0*47. It may be 
prepared by precipitating a cold solution 
of lead acetate or nitrate with uinmonium 
carbonate. 

The most important basic carbonate is 
white lead ; this is a white amorphous solid 
of indefinite composition but approximating 
to the formula 2PbCO s , Pb(OH),. The 
chief methods of manufacture arc the Stack 
process and the Chamber process. In the 
Stack process small sheets of lead arc placed 
over pots partly fdlcd with dilute acetic 
acid and surrounded by spent tun bark 
which slowly ferments, forming CO,. 
Boards are placed over this layer of pots, 
bark, and lead; on these boards another 
layer is built, and so on until a tall stack 
is made. After about three months the 
bulk of the lead is converted into white 
lead, which is washed, dried, and ground 
with linseed oil. In the Chamber process 
small sheets of lead arc hung in a chamber ; 
CO a , air, steam, and acetic acid vapour are 
introduced in controlled amounts; the 
temperature is regulated and a white, 
uniform product obtained in a few days or 
even less time. White lead can also be 
made by an electrolytic method. Many 
other methods arc described in text-books 
but are not used on a considerable scale. 

Lead chlorides. Lead chloride, PbCl t , 
forms white, silky, rhombic needles ; density 
5*8, M.P. about 500°. Its solubility in 
water is 0-6 g. of PbCI, in 100 g. of water 
at 0°, 0 0 g. at 15°, 10 g. at 25°, 1-8 g. at 
55®, and 81 g. at 95°. 

There arc many double chlorides of lead 
and potassium, lead and ammonium, and 
so on, and many basic chlorides. 

The mineral matlockite is PbFCl; mendip- 
ite is PbCl a , 2PbO. Cassel yellow is a 
pigment made by fusing lead chloride with 
lead oxide; it has no definite composition 
but approximates to PbCl a , 7PbO. 

Lead tetrachloride is a yellow liquid; 
density 3-18, M.P. - 15°. At 105° it de¬ 
composes explosively. 

Lead chromates. The normal lead chro¬ 
mate, PbCr0 4 , is a bright yellow precipitate 
obtained by mixing solutions of a lead salt 
and potassium chromate or dichromate. 
It is an important pigment known as chrome 
yellow or paris yellow; it is sometimes 
mixed with a small proportion of lead 
sulphate. It is also used in calico printing. 
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Cologne yellow is a pigment prepared by 
Sng load sulphate with a solution of 

ootassium dichromate. . _, 

^Basic lead chromate. Pb,Cr0 4 , is a red 
powder formed by acting on the normal 
chromate with a cold caust.c ^ sol “ l, °" 
by mixing lead chromate and lead oxide 
together in water. It is an important pig¬ 
ment known as chrome red, orange chrome, 
Derby red, or Chinese red. 

The mineral phcenicite consists of dark 
red, hexagonal prisms of PbjCrjO,. 

Lead iodide, Pbl a> consists °f golden- 
yellow hexagonal plates; density 616 , 
M P. about 380°. It may be obtained by 
precipitating a lead salt by a soluble iodide. 
100 g. of water dissolve 0 04 g. of Pbl, at 0 , 
and 0 4 g. at 100°. There are many com¬ 
pounds of it with other iodides, and various 
basic lead iodides have been prepared. 

Lead nitrate, Pb(NO,),. Colourless cubic 
crystnls, usually octahedra; density 4 5; 
soluble in water. 100 g. of water at 0 
dissolve 3 0 g. of nitrate, at 20° 5-2 g., at 
60° 8-8 g., at 100° 12-7 g. It is prepared 
by dissolving lead oxide or lead residues in 
hot dilute nitric acid and allowing the 
nitrate to crystallize out on cooling; used 
in calico printing, as a mordant in dyeing, 
and in the manufacture of chrome yellow. 

Basic lead nitrates have been prepared. 

Lead oxides. There arc four oxides of 
lead, the suboxidc Pb.O, the monoxide 
PbO, the dioxide PbO„ and red lead 
Pb,0 4 . 

Lead suboxide is a dark grey or black 
solid of density about 8-3; it may be 
obtained by the reduction of the monoxide 
by water-gas at about 250°. 

Lead monoxide, PbO, is usually prepared 
by roasting molten lead in air; if the tem¬ 
perature is such that the oxide docs not 
melt the oxide is called massicot; if the 
temperature is so high as to melt the oxide 
this becomes crystalline on cooling, and is 
called litharge. Massicot is a yellowish 
powdery solid with a density of 9-25-9-5; 
it is used on a large scale in the manufacture 
of red lead. Litharge consists of rhombic 
crystals having a density of about 9, M.P. 
about 850°-900°. It is usually brownish- 
red in colour, but orange, yellow, and almost 
colourless varieties of litharge can be 
obtained. If the lighter coloured varieties 
are rubbed they usually become brownish- 
red. Litharge is used in quantity in the 
rubber industry, the paint and varnish 
industry, and in the manufacture of lead 
glazes. 

Lead dioxide or peroxide, PbO,, is a 
chocolate-coloured solid crystallizing in the 


hexagonal system, density about 9-0 to 
9 4. It is converted into the monoxide on 
heating at 310°. It is used, or has been 
used, in the manufacture of matches, it 
may be prepared clcctrolytically or by 
the action of potassium chlorate on the 
monoxide. 

Red lead has no definite chemical com¬ 
position, but approximates to Pb 3 0 4 , though 
it usually contains less oxygen than is 
denoted by this formula. It is prepared by 
roasting massicot or white lead in a furnace 
at about 400°. It becomes black on heating 
but scarlet again on cooling. It is largely 
used as a pigment, and in glass making. 
The various lead oxides are used in the 
manufacture of accumulators. 

Orange lead is a variety of red lead with 
a specially fine colour; it is used as a 
pigment. 

Lead silicate. Litharge can be fused with 
silica to form a yellow glassy silicate in 
which the proportion of lead is between 
about 70 % and about 90 %. This silicate 
can be made so that it is practicully in¬ 
soluble in dilute acids and may be safely 
used in glazing pottery and in glass manu¬ 
facture. 

Lead sulphate, PbS0 4 , is a white solid 
existing in rhombic or sometimes mono- 
clinic crystals. It occurs as the mineral 
anglcsite, in rhombic crystals, axes 8-45, 
5-38, and 6-93, isomorphous with barytes. 
Hardness about 2-8. Density 0-3-0-39. It 
is nearly insoluble in water, and can be 
prepared by adding sulphuric acid to a 
solution of lead acetate, and washing and 
drying the precipitate. 

Basic lead sulphates are made by shaking 
lead sulphate and lead hydroxide with 
water, or by volatilizing galena (lead 
sulphide) in a current of air. Some of these 
basic sulphates are useful pigments. 

Lead disulphate, Pb(S0 4 ) 2 , and lead per¬ 
sulphate, PbS.O,, arc known. 

Lead sulphide, Galena, PbS, the principal 
ore of lead, is a dark grey or black metallic- 
looking solid, crystallizing in cubes or 
octahedra. Hardness 2-5. Density 7-G. 
M.P. about 1000°, but it sublimes at a 
lower temperature. 

Lead sulphide may be prepared by pre¬ 
cipitating a solution of a lead salt by a 
soluble sulphide. 

Lead tetraethyl, Pb(CII 2 CH 3 ) 4 , is a 
poisonous liquid, D :0 1-6528, B.P. 85°-8G°/I3 
mm. Insoluble in water, soluble in ether. 
Manufactured by treating an alloy of 
sodium and lead with ethyl chloride in an 
autoclave at 40 o -60°. The lead tetraethyl 
is steam-distilled from the reaction mixture. 
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It has a marked effect in increasing the 
“ knock ” rating of petrols and is used, 
mixed with ethylene dibromide, for this 
purpose. 

Leal filter. The leaf filter consists essen¬ 
tially of a series of hollow frames covered 
with tightly fitting envelopes of a suitable 
filtering medium. All these leaves arc 
connected to a manifold which usually 
serves both to support them and to collect 
the filtrate. The leaves, when assembled 
on the header, arc suspended in a tank 
containing the slurry to be filtered, the solids 
form a cake on the surface and the clear 
filtrate is withdrawn under vacuum or 
pressure. Sec also the Moore, Kelly, 
Swcctland, and Valles filters. 

Le Bel, Joseph Achille (1847-1030). A 
nephew of Boussingault, the agricultural 
chemist, Le Bel was bom at Pechclbron, 
Alsace. He became assistant to Balard 
and later to Wurtz at the £colc de Mldecinc. 
After the sale of some petroleum property 
which he inherited Le Bel devoted himself 
to scientific investigations. He made a 
number of contributions to organic chem¬ 
istry' but is best known for the theory of the 
asymmetric carbon atom in optically active 
compounds. 

' Leblanc, Nicolas (1742-1800). A French 
chemist, Leblanc, in 1701, invented the 
process which bears his name for the 
production of sodium carbonate. 

Le Chatelier, Henry (1850-1030), pro¬ 
fessor in Paris, studied the specific heats 
of gases at high temperatures, electrical 
conductivity, mass action and other prob¬ 
lems of physical chemistry. 

Le Chatelier’s theorem. This theorem 
states that when a constraint is applied 
to a system in equilibrium, the equilibrium 
tends to change in such a way as to neutral¬ 
ize the effect of the constraint. Thus, 
when ice at 0 ® is subjected to pressure, 
some of the ice melts, for the transfor¬ 
mation of ice into water is accompanied 
by a dimunition in volume, and this is 
just the effect which an increase in pressure 
would produce on a compressible substance, 
e.g. a gas. 

Lecithase. Two enzymes exist which 
are able to split off the fatty acid groupings 
from the complex lecithin molecule. The 
one removes the unsaturated fatty acid, 
leaving the poisonous lysolecithin, and the 
other removes the saturated fatty acid 
group. A third enzyme, a phosphatase, 
is required to remove the choline phosphate 
grouping. 

Lecithin. A generic name for substances 
of the formula 


LII, • OOCR, 

CHOOCR, 

/Cl I, 

CII. O P—O • CII. CIL • Kf-CII. 

/S I X CII a 

HO O OH 


where R, and It, arc fatty acid residues. 

It is believed that all lecithins contain 
one saturated and one unsaturated fatty 
acid, and the following acids have been 
obtained on hydrolysis—palmitic, stearic, 
oleic, linolcic, linolcnic, ami arnchidonic 
acids. Hydrolysis of lecithins also gives 
glycerol, phosphoric acid, and choline. 
Lecithins arc found in every animal and 
vegetable cell and arc an csscntiul 
constituent of cells. They are white, 
waxy substances that darken in the air 
and arc very hygroscopic. They arc 
soluble in alcohol, ether, chloroform, ben¬ 
zene, and many other organic solvents, 
but insoluble in acetone. They swell up 
with water to give slimy emulsions or 
colloidal solutions. They melt at ubout 
00 ° and decompose to a brown mass at 
about 110®. The nuturally occurring leci¬ 
thins arc dextrorotatory. Lecithins may 
be obtained from egg yolk, which is a par¬ 
ticularly rich source, or from other tissues 
by extraction with alcohol and precipita¬ 
tion with acetone or with cadmium chloride. 
They can be separated from the very similar 
kcphalins via the salts with cadmium 
chloride which arc insoluble in ether, 
whereas the corresponding kephalin salts 
arc soluble. See “ Lecithin and Allied 
Substances,” by MaeLcan and MacLcan. 

Legumelin. A protein, belonging to the 
albumin class, found in the seeds of peas, 
vetches, and other leguminous plants. 

Legumm. A protein, belonging to the 
globulin class, found with legumclin in 
leguminous plants. 

Lemery, Nicolas, was bom in France 
in 1645 and practised as a pharmacist. 
He was a Protestant, and on the Re¬ 
vocation of the Edict of Nantes in 1685 
came to London ; afterwards he became 
a Catholic, returned to Paris, and again 
practised as a pharmacist. He was elected 
to the Academy in 1699 and died in 1715. 
He is best known by his book “ Cours de 
Cliimie,” originally published in 1675, 
which passed through many editions and 
was translated into several languages. 

Lepidolite, Si,0,Al t (Li,K) t (F,OH) a , a 
lithium-potassium mica which forms mono¬ 
clinic crystals and occurs in small scales or 
granules of a white, lilac, or red colour. 
Sp. gr. 2-5-2-9, hardness, 3-4, refrac. index 
1-60, M.P. 925°-945°. Occurs chiefly in 
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pegmatites. On heating it tends to darken. 
It is a raw material for the manufacture of 
lithium compounds. . . 

Leucine, a-Aminoisocaproic acid, 
C.Hj.O.N. 


CH, 

CH 3 


^CH • CHj • CH • COOH 

/ I 

NH, 


Crystallizes in colourless plates, M.P. 293°- 
295° with decomposition. Soluble up 
to 2 % in water, practically insoluble 
in alcohol. The naturally occurring 
substance is lavorotatory in water, 
r a l“ — 10-51°, but dextrorotatory in acid, 
Lift + 15 20 ° in 6N. hydrochloric acid. 
Leucine is one of the most common of the 
amino-acids obtained from proteins. It can 
be obtained by fractional crystallization of 
hydrolysed proteins. See Stoddard and 
Dunn, J. Biol. Chem., 1942, 142, 329.. 

Leucite, a potassium aluminosilicate, 
K*ALSi 4 O lt , which crystallizes in the cubic 
system and is related structurally to 
analcitc, No,Al t Si 4 O ia , 211,0. Some speci¬ 
mens of lcucitc are pscudomorphic but 
form cubic crystals when heated to 000 . 
Sp. gr. 2-5, hardness, 5-6, M.P. 1320°- 
1370°, rcfrac. index 1-508. Lcucitc 
occurs chiefly as a primary constituent of 
recent volcanic rocks; it is brittle and 
breaks with a conchoidal fracture. It is 
decomposed by hydrochloric acid. It may 
be the origin of some clays. 

Leucopterin, C 4 H 4 0,N 4 . A white pig¬ 
ment, obtained from 


HN—CO 

HN : i: (L-NH-CO 


HN—C—NH—CO 


the wings of the 
common white and 
many other butter¬ 
flies. It gives a 
yellow sodium salt. 

Leucosin. A protein belonging to the 
albumin class found in the seeds of wheat, 
rye, and barley. 

Levan, (C 4 H 10 O 4 )., is a water-soluble 
polymer of fructose present in the leaf of 
certain grasses. It has a chain length of 
10 fructofuranose units joined through 
carbons 2 and 6 and thus differs from 
inulin. 

Levene, Phoebus Aaron (1869-1940). 
Born at St. Petersburg and educated at 
the Imperial Military Medical Academy, 
Levene went to the United States in 1892. 
He supplemented his medical knowledge 
by studying chemistry at the Universities 
of Columbia, Berne, Marburg, Berlin, and 
Munich. In 1905 he joined the staff of the 
Rockefeller Institute. He published many 
papers, chiefly on proteins, hexoseamines, 
stereochemistry, and the nucleic acids. 


Libavius 

Awarded the Willard Gibbs Medal (1031) 
and the Nichols Medal (1938). 

Levulic acid. See Lxvulinic acid. 

Levulinic acid. See Lavulinic acid. 

Lewis, Gilbert Newton (1875-1946). Born 
at Weymouth, Mass., Lewis was educated 
at the Universities of Nebraska, Harvard, 
Leipzig, and Gottingen. He was appointed 
professor of chemistry at Massachusetts 

Institute of Technology in 1911, and 
professor of physical chemistry in the 
University of California in 1912. In 
addition to his researches in mathematics 
and physics, he was noted for his researches 
in the field of atomic structure and thermo¬ 
dynamics. 

Lewis, William Cudmore McCullagh. A 

graduate of Queen’s College, Belfast, Lewis 
later studied chemistry at Liverpool and 
Heidelberg Universities and at University 
College, London. He was appointed 
lecturer in chemistry, University College 
(1910) and Brunner professor of physical 
chemistry, Liverpool (1913). He has made 
numerous researches on chemical kinetics, 
including the mechanism of unimolccular 
reactions. He was elected F.U.S. in 1920. 

Lewis, Warren Kendall (1882- ). 

Lewis was born at I«aurcl, Delaware, and 
educated at the Massachusetts Institute 
of Technology and at the University of 
Breslau. After a short period as an in¬ 
dustrial chemist he became assistant 
professor of industrial chemistry at the 
Massachusetts Institute of Technology, 
where he is now professor of chemical 
engineering. His work in this field, chiefly 
on absorption, distillation and nitration, 
thermal properties of materials, colloids, 
etc., gained him the Perkin Medal in 1930. 

Lewisite, 2 - Chlorovinyldichloroarsine, 
CjHjCIjAs, CICII : CII • AsCl t . A pale 
yellow liquid, M.P. - 13°, B.P. 190°. 
Insoluble in water, soluble in organic 
solvents. It has a strong smell, resembling 
that of geraniums. Lewisite has been 
suggested as a possible agent for chemical 
warfare, as it has a powerful vesicant 
action, resembling that of mustard gas, 
but acting more rapidly. Owing to its 
arsenic content it is also a systemic poison. 
It is hydrolysed by water to a solid oxide, 
M.P. 143°, and also destroyed by alkalis 
and by oxidizing agents. It can be manu¬ 
factured by bubbling acetylene through a 
mixture of anhydrous arsenic trichloride 
and aluminium chloride. 

Libavius, Andreas, was born in Halle 
in the sixteenth century ; he discovered 
stannic chloride (fuming liquor of Libavius) 
and wrote a book on alchemy published 
in 1595. He died in 1616. 
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Lichenin, the polysaccharide present in 
the cell walls of many lichens, is made up 
in a similar way to cellulose, but has a 
much shorter chain-length, given by 
Haworth as 80 glucose units. 

Liebermann's reaction. A colour-test for 
showing the presence of the —NO or —OH 
groups. For the detection of an —NO group 
a small quantity of the substance is dissolved 
in concentrated sulphuric acid and a crystal 
of phenol added. A blue-grccn colour de¬ 
velops on warming, this changes to red on 
pouring into water, and back to blue with 
excess of alkali. When the test is used 
for detecting a phenol, the substance and 
n crystal of sodium nitrite arc dissolved in 
sulphuric acid and warmed. On dilution 
and addition of alkali many phenols give 
distinctive colours. 

Liebig, Justus (1803-1873). Born at 
Darmstadt, Liebig early became acquainted 
with chemicals in his father’s laboratory. 
Later he was apprenticed to an apothecary 
but soon gave up this work to study 
chemistry in Bonn, Erlangen, and Paris. 
In 1825 Liebig became professor of 
chemistry in the University of Giessen, 
and in 1852 he accepted a similar appoint¬ 
ment in Munich, having been created a 
baron in 1845. Liebig was a pioneer in 
chemical education, and his courses of 
instruction have served as models elsewhere. 
In later years he investigated problems in 
agricultural and physiological chemistry 
and was editor of the Annalen. 

Liebig condenser. An apparatus for 
condensing vapours in small-scale laboratory 
distillations. It consists of a glass tube, 
in which condensation occurs, surrounded 
by a second tube through which cold water 
is passed. 

Liesegang rings. When chemical re¬ 
action takes place by double decomposition, 
one of the reactants in solution diffusing 
into a gel impregnated with the second 
reactant, the product, if insoluble, is often 
deposited, not as a continuous precipitate, 
but in the form of bands separated by 
regions of clear gel. These arc termed 
Liesegang rings after their discoverer who 
first noticed them in the system silver 
nitrate—potassium dichromatc (in gelatine). 
An excellent Liesegang structure can be 
produced by placing a layer of 0-880 
ammonia over a gelatine gel containing 
dilute magnesium chloride. 

It is possible to produce Liesegang rings 
in capillary tubes or porous media without 
the presence of a gel. 

Light oil. Light oil is the distillate dis¬ 
tilling below 195° and is obtained from high- 


temperature coal tar and consists mostly of 
aromatic hydrocarbons. 

Light petroleum. Petroleum ether, is the 
refined fraction of petroleum or shale oil 
boiling from 40°-00\ It is a colourless, 
inflammable liquid and consists chiefly of 
the pentanes nnd hexanes. I). 0-020-0-700. 
Used as a solvent for fats and waxes. 

Lignans. A group of natural products 
obtained, usually by ethereal or alcoholic 
extraction, from the wood or exuded resin 
of the Conifera and other plants, and char¬ 
acterized by the presence in the molecule of 
the £y-dibcnzylbutanc skeleton : 



Sec J. Chem. Soc., 1042, 448. 

Lignin. An amorphous substance that 
occurs with cellulose in ligniflcd tissues. 
Wood contains 25 to 30 per cent. It can 
be dissolved out by treating wood pulp 
with sulphur dioxide nnd lime water when 
soluble sulphonic derivatives arc formed. 
Various " precipitated lignins ” can be 
obtained from such solutions. Lignins 
from different sources have approximately 
the same percentage composition. Frcudcn- 
berg has suggested that the structure is 
thnt of a polymer of conifcryl nlcohol 
with the formula 



where n is about 12. 

Lignites. A type of fuel which occurs 
naturally in beds near to the earth’s sur¬ 
face ; they are consequently comparatively 
easily worked. They arc soft fuels, similar 
to the peats, in that they contain large 
quantities of water. 

A dry, ashless brown coal would contain 
from 60 % to 75 % carbon, 4-3 % to 0 % hy¬ 
drogen, and 20 % to 33 % oxygen. The ash 
varies over wide limits from about 4 % to 
12 %, and taking the moist fuel of about 
30 % to 50 % moisture content the calorific 
value is about 7500 B.T.U.’s/lb. 

Lignoceric acid, C t4 H 48 O t . A fatty acid 
occurring free in lignite tar and becchwood 
tar, as a glyceride in peanut oil, and in 
the phospholipin sphingomyelin and the 
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aalactolipin kerasin. It has the approxi¬ 
mate formula C 2 t H 18 0 2 and consists chiefly 
of n-tctracosanic acid, but C« and C„ aads 
are also present and branched chain acids 
may be present in the mixture from some 

"SS* Petroleum naphtha, is the 
fraction of petroleum boiling between 
90 ° and 120 ° and consisting chiefly of 
heptanes and octanes. It has a gravity 
of 0 707-0-722. It is used as a solvent. 

Lime. See Calcium hydroxide and Cal¬ 
cium oxide. 

Limestone. The limestones are rocks of 
sedimentary origin containing the remains 
of marine organisms. The pure mineral 
consists of calcium carbonate in the form of 
calcite, but is rarely found. Commercial 
limestone contains iron oxide, alumina, 
magnesia, silica, and sulphur, with a CaO 
content of 22-50% and a MgO content of up 
to 21%. It is used as such as a fertilizer 
and for many other purposes, or is calcined 

to lime. .... , 

Lime-water is a saturated solution of 
calcium hydroxide containing about 0-15 % 
of Ca(OH),. On heating it becomes turbid 
as calcium hydroxide is less soluble in hot 
than in cold water. It absorbs carbon 
dioxide from the air and may have a film 
of calcium carbonate on its surface. It is 
used medicinally as a mild antacid. 

Limiting density (of a gas). If a mass 
w gm. of a gas occupies 0 litres at 0’ C. 
and pressure p atmospheres, the quotient 
wlpv is the density of the gas per unit 
pressure. Since gases do not obey Hoyle’s 
law accurately, w/pv varies with the pres¬ 
sure. The value of this quotient when p 
approaches zero is called the limiting density 
of the gas. It represents the density which 
the gas would possess as an ideal gas, i.e. 
a gas which obeys the gas laws perfectly. 

Limonene, C 10 H U . An optically active 
tcrpenc, very widely dis- 
tributed. Its racemic form 
is also of wide occurrence C 

and is known as dipentene. /\ 

d-Limoncne occurs in lemon, H,C CH 
orange, neroli, bergamot, I i 

caraway, and other oils, H*C CH, 

/-limonene in pine-needle, \/ 

spearmint, and peppermint 
oils, and dipentene in Swedish £ 

and Russian turpentine, 
citronella oil, and oil of H,C CH, 

cubebs. It is also obtained 
by the action of heat on limonene. It is 
doubtful whether either d- or /-limonene 
has been obtained pure, but the following 
figures were found for highly purified 
specimens: 


Lind 

d-limoncne, B.P. 176°-170 4°, d f 0 8411 

^/-limonene" B.P. 176M70-4*, d" 0 8422, 

D /- and d-limonene form optically active 
tetrabromides of M.P. 104 5 -l0a°. 

Dipentene tetrabromide shows M.P. »*•> - 
126°. When heated with sulphur these 
terpenes vicld p-cymcne. 

Linalool, C l 0 H lt O, has the constitutional 

formula 

H,C \C : CH CH* • CH, C(OII) • CH : CH. 

H - c/ ^ u 

or 

H * C Nc • CH. CH, • CH, C(OH) CH : CII, 

being probably a mixture of the two. It 
is optically active. /-Linalool is present in 
oil of linaioc from French Guiana, and also 
in Mexican oil of linaioc derived from the 
wood of the plant, the d-form being present 
in Mexican oil of linaioc derived from the 
seeds. The /-form also occurs in many 
other essential oils, c.g. oil of ylung-ylnng 
and the d-form in coriander and orange 
oils. The oil has to be separated by frac¬ 
tional distillation, and it is therefore ques¬ 
tionable whether it has ever been obtained 
in a pure state. The average constants arc 
B.P. 198*-199 # ; d‘»° 0 870 (a)„ - 20 7° 

(from lime oil), + 10 - 18 ° (from orange oil). 
It forms a phcnylurcthane of M.P. 03°-05°, 
and is readily converted into gcraniol by 
acid reagents. 

Linamftrin, C 10 H 17 O,N. is acctonecyan- 
hydrin- 0 -glucosidc. 

C,H u O, • O • C(CII,), • CN 

It is present in young flax plants and in 
Phaseolus lunatus and is probably widely 
distributed; it is also the glycoside of 
rubber seeds. It has been synthesized. 
M.P. 142°-143°. Such glycosides may be 
regarded as primary materials for syn¬ 
thesis ; in rubber the occurrence of acetone, 
which it is possible to convert into isoprenc, 
is of significance. 

Lind, Samuel Colville (1870- ). Born 

at McMinnville, Tennessee, Lind studied 
at the Washington and I^e University, 
the Massachusetts Institute of Technology, 
Leipzig. Paris, and Vienna. After some 
years’ teaching he joined the U.S. Bureau 
of Mines, becoming chief chemist in 1023. 
In 1025-2G he was associate Director of 
the Fixed Nitrogen Research Laboratory. 
He then became Director of the School 
of Chemistry, and in 1035 Dean of the 
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Institute of Technology of the University 
of Minnesota. His work deals chiefly 
with radioactivity and photochemistry. 
Awarded the Nichols Medal, 1020. 

Lindemann, Frederick Alexander. See 
Chcrwell of Oxford, Baron. 

Line spectrum. In an atom, the absorp¬ 
tion of energy can only lead to one change, 
the transference of an electron from an 
orbit of lower to one of higher energy. 
The reverse of this process, consisting in 
the return of the electron to the lower orbit, 
is accompanied by the emission of light of 
a single, definite frequency, corresponding 
with the energy liberated in the process. 
The spectrum of an atom thus consists of 
a scries of definite lines, the light com¬ 
prising each line having a frequency corre¬ 
sponding with the simple electron transition. 
This line spectrum is characteristic of an 
element in the atomic state. 

Linkage. Same as Bond (g.v.). 

Linoleic acid, Linolic acid, C„H M O s . 

CH, • [CH,]* • CH : CH • CH, • CH : 

CH • [CH,], COOH 

A liquid, B.P. 229°-230 4 /I0 mm. It is a 
common unsaturated fatty acid, occurring 
as glycerides in linseed oil, cottonseed oil, 
and many other vegetable oils, and as a 
constituent of lecithin. Higher unsaturated 
futty acids arc essential constituents of 
the food of animals. In their absence the 
animals fail to lay down fat and suffer 
from skin and kidney lesions. The addition 
of very small amounts of linoleic acid 
cures this condition. 

Linolenic acid, C„H M O a . 

CH, • [CII, • CH : CH], • [CH,], • COOH 

An oil, soluble in alcohol and ether. It is 
a common unsaturated fatty acid, and 
occurs os glycerides in linseed oil and other 
drying oils. When exposed to the air the 
glycerides of linolenic acid take up oxygen 
to form solid compounds. To this arc due 
the properties of the drying oils. It is also 
found in lecithin, and like linoleic acid will 
cure fat deficiency in animals. 

Linolic acid. Sec Linoleic acid. 

Linstead, Reginald Patrick (1902- ). 

Linstcud graduated at Imperial College, 
London, in 1924 and subsequently worked 
there as private assistant to J. F. Thorpe. 
He became Firth professor of chemistry 
at Sheffield in 1938, professor of organic 
chemistry at Harvard in 1939, and director 
of the Chemical Research Laboratory 
(D.S.I.R.) in 1945. 

Lipase represents a group of enzymes, 
sometimes termed esterases, which hydro¬ 
lyse fats and a large variety of organic 


esters, the range being wide in the acid 
constituent, less so in the alcohol. Various 
lipases show quantitative though not ab¬ 
solute specificity. They also uct at dif¬ 
ferent rates on optical antipodes. An 
interesting lipusc is that from castor bean 
which hydrolyses the true fats and has been 
used for this purpose in industry ; this 
has little action on the lower esters. A 
great many substances influence the acti¬ 
vity of lipase. The enzyme is widely 
distributed in plants ; it is obtained readily 
from the pancreas by extraction with 
acetone and ether or from dry tissue by 
extraction with 10 % sodium chloride; 
gastric lipase does not hydrolyse so readily ; 
liver lipase is an ester rather than a fat¬ 
splitting enzyme. 

Lipid(e)s, Lipin(e)s, Lipoids. The nomen¬ 
clature of the substances of a fat-like 
nature is in u very unsatisfactory state. 
Several conferences have considered the 
problem and have proposed classifications 
which do not agree with one another. 
Bloor's classification, which has not been 
officially adopted by any body, is one of 
the most satisfactory. He defines lipids 
as substances, insoluble in water and soluble 
in organic solvents, that arc related to the 
fatty acids as esters cither actual or potential. 
He subdivides the lipids into simple lipids, 
the fats and waxes; compound lipids, the 
phospholipids and cerebrosides; and de¬ 
rived lipids, the fatty acids, sterols, and 
alcohols. The terms “ lipins ** and 
“ lipoids ** have also been used in much 
the same sense. ** Lipins " 1ms been used 
by Smcdlcy-Mnclcan ns a general term 
for Bloor's “ compound lipids." 

Lipman, Jacob Goodale (1874-1939). Born 
at Friedrichstadt, Russia, Lipman went to 
the United States at an early age and was 
educated at Rutgers College and Cornell 
University. In 1902 he returned to Rutgers 
to teach, and became Dean of Agriculture 
and Director of the New Jersey Agricultural 
Experiment Station, Rutgers University. 
His work dealt with soil science, including, 
in particular, researches on the utilization 
of nitrogen by plants and the nature of 
bacteriological action in soils. 

Lipochromes. A little-used name for the 
carotenoids. 

Liquid crystals. See Crystals, liquid. 

Liquids, structure of. It was originally 
thought that the molecules in a liquid were 
arranged in a random manner, i.c. that a 
liquid was very similar to a gas, except 
that the molecules were closer together, 
and therefore the attractive forces were 
greater. As a result of X-ray and electron 
diffraction studies, it is now realized that 
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liquids are not perfectly homogeneous like 
' eas, but some sort of arrangement of the 
|L££ules is actually present. Two mam 
views have been put forward in relation to 
results. The first attributes a micro- 
crystolline structure to the liquid ; an 
instantaneous picture of the hquW would 
show a large number of cybotactic 
groups, in each of which a hundred or more 
molecules are arranged in an orderly 
manner, but in the regions between the 
groups the distribution is quite random. 
The second view attributes a -quasi- 
crystalline ” or “ pseudo-crystalline struc¬ 
ture to the liquid. It is supposed that the 
average distribution of molecules about a 
particular molecule is the same at any 
instant. If a number of instantaneous 
photographs were taken, the molecular 
distribution about any molecule would 
appear random, but the statistical average 
of a number of such pictures would show 
a definite structure. 

Liquidus. The freezing-point of a molten 
mixture of substances varies with the 
composition of the mixture. If the freezing- 
points of the mixtures are plotted as a 
graph using temperatures as ordinates and 
composition as abscissx, the line joining 
the freezing-points is called a liquidus 
curve. Mixtures generally freeze over a 
range of temperature. If the temperatures 
when the lost traces of liquid have just 
solidified (assuming that time has been 
allowed for equilibrium to set in) nre 
plotted against composition, the resulting 
graph is called a solidus curve. 

Liquorice is the dried root of various 
species of Glyq/rrhiza. The extract, also 
known as Spanish Juice, is used as a de¬ 
mulcent In cough lozenges, while the liquid 
extract is used in cough mixtures and as 
a flavouring agent to cover the taste of 
nauseous medicines. The powdered root 
and sugar are used as flavouring agents in 
Compound Liquorice Powder which con¬ 
tains as its active ingredients, senna, 
fennel, and sulphur. 

Litharge. See Lead monoxide. 

Lithium, Li. At. no. 3, At. wt. 6-940. 
M.P. 180°, B.P. 1330°, D. 0-54. Lithium 
was discovered in 1817 by Arfvedson in 
petalitc, a lithium aluminium silicate 
(LiNaH)Al(Si,0 $ ) t . The metal was first 
isolated by Bunsen and Matthiessen (1855) 
by electrolysis of the fused chloride. It 
is a very rare though widely distributed 
element. The lithium minerals arc tri- 
phylite, (LiNa) 3 P0 4 + (Fc,Mn),(P0 4 ) t ; 
petalitc; lepidolite or lithium mica, 

(Li,K), Al t (F, OH), Si, O,; amblygonite, 
Li[Al(F,OH)]P0 4 ; and spodumene 


LiAUSiO.) The lithium content averages 
between 1 %-0 %. Traces of lithium are 
found in blood, milk, plants (especially 
tobacco), and the soil. .... 

Lithium metal is most easily obtained 
by the electrolysis of a fused mixture of 
lithium and potassium chlorides, or lithium 
bromide with 15 % lithium chloride in 
a porcelain dish with a carbon anode and 
an iron cathode. Solutions of lithium 
salts in organic solvents (pyridine, acetone, 
etc.) on electrolysis give free lithium. 

Lithium is a very light, silver-white 
metal. It crystallizes with the body- 
centred cubic structure a = 3-51 a. 

The metal tarnishes readily In air, 
although less readily than the other alkali 
metals. Lithium is a reactive element 
combining directly with nitrogen, the 
halogens, hydrogen, etc. 

Lithium carbonate, Li,COj. Readily ob¬ 
tained by the addition of excess alkali car¬ 
bonate solution to one of a lithium salt; 
lithium carbonate differs from the other 
alkali carbonates in being only sparingly 
soluble in water. The carbonate is soluble 
in the presence of execss carbon dioxide, 
owing to the formation of lithium bi¬ 
carbonate, Li(HCO,),. 

Lithium chloride, LiCl. Formed by dis¬ 
solving the carbonate, oxide, etc., in hydro¬ 
chloric acid. At low temperatures the 
dihydrate, LiCl, 2H t O, is obtained. This 
loses one molecule of water at 19° und 
becomes anhydrous at 03-5°. The an¬ 
hydrous crystals arc isomorphous with 
sodium chloride. It is a very hygroscopic 
substance and can be used for air con¬ 
ditioning. It is also used in welding 
aluminium. 

Lithium citrate, C 4 H 4 0 7 Li„ 4H,(). 
White crystals, soluble in water. On 
heating to 100 * it loses water leaving 
one molecule of water of crystallization. 
It becomes anhydrous at ICO 3 . It is used 
medicinally to increase the alkalinity of 
the blood, and in cases of gout and 
rheumatism. 

Lithium hydride, LiH. Hydrogen com¬ 
bines directly with lithium at temperatures 
greater than 500°. Lithium hydride is 
a stable, white crystalline material. The 
fused salt on electrolysis evolves hydrogen 
from the anode. It is decomposed by 
water with formation of lithium hydroxide 
and evolution of hydrogen. 

Lithium hydroxide, LiOH. Formed by 
dissolving the oxide in water, or from the 
direct reaction between lithium and water. 
Aqueous solutions on crystallization deposit 
the monohvdrate ; a semihydrate is preci¬ 
pitated by the addition of alcohol to an 
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aqueous solution. Lithium hydroxide is 
a strong base. 

Lithium oxide, Li a O. Obtained by burn¬ 
ing the metal in oxygen, or by the pro¬ 
tracted reduction of lithium carbonate or 
hydroxide, at red heat, with hydrogen. 
Lithia, Li t O, is a white material soluble in 
water with the formation of lithium 
hydroxide. 

Lithium peroxide, Li t O a . On adding 
hydrogen peroxide nnd alcohol to an aqueous 
solution of the hydroxide the compound 
Li,0 lt 11,0,, 311,0 is deposited. On 

drying in vacuum this loses water nnd 
hydrogen peroxide with the formation of 
lithium peroxide. 

Lithopone, also known as Charlton white 
and Orr's white, was patented by J. 1). Orr 
in 1874. It is nil intimate mixture of 
approximately 70 % barium sulphate and 
30 % zinc sulphide by weight nnd has a 
density of about 4-3. It is made by mixing 
solutions of bnrium sulphide nnd zinc 
sulphate ; the mixed precipitate of BaSO« 
and ZnS is washed, dried, calcined, and 
suddenly cooled with water. It is largely 
used as n pigment owing to its good white 
colour nnd excellent body. 

Litmus. A colouring matter obtained 
from certain lichens by oxidation in presence 
of ammonia. Commercial litmus is sold in 
small blue cubes of whiting or gypsum with 
very little colouring matter, and for use as 
an indicator the cubes arc extracted with 
water and neutralized. The colouring 
matter is a mixture of compounds, the 
most important of which, azolitmin, is 
red in the free state, but its alkaline salts 
are blue. The p„ range is 4-5 to 8-3. 
Litmus has been largely superseded as an 
internal indicator by the synthetic dye¬ 
stuffs, but is still used in the form of litmus 
paper. 

Little, Arthur Dehon (1863-1935). Little 
was born at Boston, Massachusetts. A 
pioneer in industrial research lyid founder 
of the firm of A. I). Little, Ine., he developed 
and putented processes of the most diverse 
character, including pulp- and paper-making, 
non-inflammable cinematograph films, and 
artificial silk, and for his work in this field 
he was awarded the Perkin Medal for 1931. 

Liver 0 ! Sulphur, or Hepar Sulphuris, is 
a liver-coloured mass prepared by fusing 
potassium carbonate with sulphur; it 
contains potassium sulphide and potassium 
polysulphides, with some potassium thio¬ 
sulphate and sulphate. A solution of liver 
of sulphur is used for mildew and insect 
pest control. 

Lobelia is the dried herb, lobelia iujlata, 
a plant indigenous to North America. It 


contains several alkaloids, chief among which 
is lobclinc. Lobelia possesses expectorant 
and emetic properties and is useful in 
bronchial catarrh and asthma. 

Lockyer, Sir Joseph Norman (1830-1020). 
Bom at Rugby, Lockyer became a clerk in 
the War Office but later was transferred to 
the Science and Art Department. In 1870 
he became lecturer on astronomy at the 
Royal College of Science, South Kensington, 
and in the following year Rede lecturer at 
Cambridge. A pioneer in the spectroscopy 
of the sun nnd the stars, he discovered 
in 1808, independently with Janssen, the 
presence of helium in the sun's photosphere. 
He was elected F.R.S. in 1809 nnd in 1874 
gained the Rumford Medal of the Royal 
Society. 

Lodge-Cottrell detarrer. This apparatus 
i9 used for the removal of tar fog in any 
combustible gas nnd consists of a scries of 
vertical pipes through which the gas is led. 
An electrode charged to a high potential is 
placed in the centre of each pipe. 

As each particle becomes charged it is 
forced away from the electrode to the pipe 
wall from which it runs off ns a liquid. 

Lodge-Cottrell precipitator. Sec Electro- 
static precipitator. 

Lonchocarpus. A genus of tropical trees, 
distributed mainly in Central and South 
America, from which rotetionc and other 
allied substances of inseeticidul value arc 
obtained. It was originally used as a 
fish poison. 

Lone-pair. See Co-ordinate link. 

Long, John Harper (1850-1918). Bom 
at Steubenville, Ohio, Ix>ng was educated 
at the Universities of Kansas and Tiibingen, 
also studying at Wurzburg and Breslau. 
From 1881 onwards he was professor of 
chemistry at the Northwestern University. 
Author of numerous books and papers, he 
was President of the American Chemical 
Society in 1903. 

Lorentz, Hendrik Anton (1853-1928). 
Bom at Arnheim, Lorentz studied at 
Leyden where, in 1878, he was appointed 
professor of theoretical physics. In 1923 
he became Director of Research at the 
Teyler Institute, Haarlem. His main re¬ 
searches were in the fields of electricity, 
magnetism, and light, but he made a study 
of certain properties of liquids, particularly 
refractivity. With Ludwig Valentin Lorenz 
(1829-1891), professor of physics at the 
Copenhagen Military High School, he intro¬ 
duced the Lorentz-Lorenz expression for 
specific refractive power. He was awarded 
the Nobel Prize for Physics in 1902. 

Loschmidt’s number. The number of 
molecules per unit volume of an ideal gas 
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at 0° and 700 mm. pressure; equal to 
2 087 X 10“ per cubic centimetre. 

Lotusin, C„H„0„N. a cyanophoric gly¬ 
coside discovered in Lotus a,ab>cas is made 

up Of a disaceharide, hydrogen cyanide, and 
lotoflnvin, an isomeridc of flsetm. Most 
varieties of Lotus contain the glycoside, 
particularly the wild Lotus corn.eulohjs. 
For the implications of this on the 
problem of herbage values see Armstrong s 

" Lowry!** 0 Thomas Martin 
Born at Low Moor, Bradford. Yorks. 
Lowry was educated at Kingswood School, 
Bath and the Central Technical College. 
South Kensington. From 1800 to 1013 he 
was assistant to Professor H. E. Armstrong. 
After a period as lecturer in chemistry at 
the Westminster Training College and 
Guy's Hospital Medical School he was 
appointed to the Chair of Physical 
Chemistry. Cambridge. He devoted his 
life to the study of optical rotatory power, 
introducing the term “ mutnrotation " m 
description of the behaviour of nitro-cf- 
camphor. In 1014 he was elected F.R.S. 
and during the Great War created C.B.E. 
Sec J. Chem. Soc., 1037. p. 701. 

Low-temperature carbonization. ''hen 
coal is heated in a closed retort, the three 
main products arc coke. gas. and oils, 
and by increasing the temperature of 
carbonization the quality of the coke is 
altered, and the yield of gas improved. 
The quality of the gas. however, and the 
quantity of tar, arc decreased, subject to 
limitations. The temperature of carboniza¬ 
tion will be a contributory factor in deter¬ 
mining the quality of the by-products, and 
the process of low-temperature carboniza¬ 
tion has been evolved to bring about, 
after carbonization : ( 1 ) a residue of smoke¬ 
less fuel, which will be strong, easily 
ignitablc, and will burn freely; ( 2 ) a rich 
gas; and (3) a high yield of good quality 
oil. 

Since, however, coal is a very bad con¬ 
ductor of heat, high temperatures are 
necessary in order to raise the middle of 
the charge to the carbonizing temperature, 
e.g. in high-temperature carbonization with 
oven widths of 14 ins. to 24 ins. temperatures 
of 1200° C. in the flues are commonly used. 
Processes for low-temperature carbonization 
differ, then, in the way intimate contact 
between the coal and the heating medium 
is brought about. Much investigation has 
shown that 600° is approximately the most 
convenient temperature with which to work. 
The resulting liquid and gaseous products 
are much more aliphatic than those resulting 
from high-tcmpcrature carbonization, since 


in the latter they have been subject to high- 
temperature effects. Low-temperature car¬ 
bonization oils are therefore comparable with 
ordinary petroeum oils. 

There arc 3 main types of plant avail¬ 
able. ( 1 ) and (2) being internally heated 
and (3) externally heated. 

(1) The retort is of small diameter or 
thickness so that the layer of coal is thin 
and the heat can penetrate through the 
oven wall to the centre of the charge. 
The layer of coal is at rest. See Coalite 
process. 

(2) In order that all the coal may be 
exposed to the heat the coal is mechanically 
stirred or moved inside the retort. In this 
type it is necessary to briquette the resulting 
fuel into bigger blocks or ovoids. 

(3) The coni is directly exposed to the 
heating gases, e.g. producer gas. 

L series. Sec Secondary radiations. 
Luciferase. Apparently the production 
of light by plants and animals is due to 
this enzyme. It is destroyed by hot water. 

A substance, lucifcrin, of unknown chemical 
nature is oxidized in presence of the enzyme 
and then produces light, which docs not 
happen when it is oxidized by other 
means. 

Luciferin. Certain bacteria, insects, ftsh, 
and other organisms can emit light by a 
process of chemiluminescence. One of the 
substances concerned is an oxidizable, 
thermostable substance called luciferin. 
This is acted on by an enzyme luciferase. 

Lully. Raymund (1235-1315). Of Spanish 
descent. Lully was l»orn at I’nlina, Majorca. 
After some years at the court at Aragon 
he devoted himself to study and was 
eventually stoned to death in 1315 at 
Tunis, where he was engaged in converting 
the heathen, though a tradition asserts 
that he survived for some years after that 
date. He attributed great powers to the 
philosopher's stone, saying ** I would 
change the sea to gold if it were of mercury,” 
but many of the writings bearing his name 
are of doubtful authenticity. 

Luminal. A trade name for Pheno- 
barbilone. 

Luminous paints are compounded from 
solid materials (such as calcium sulphide) 
which, by use of suitable methods of pre¬ 
paration and by addition of traces of heavy 
metals, can l>c made to exhibit phosphor¬ 
escence. For details of the methods of 
preparation of materials showing phosphor¬ 
escence of different colours, see Partington’s 
“Text-book of Inorganic Chemistry." 
Lumisterol. See Vitamin-1). 

Lumsden’s method (for determining 
va|>our densities). This is a modification 
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of Victor Meyer’s method whereby, instead 
of measuring the volume of air displaced 
by a given mass of vaporized liquid, the 
volume is kept constant and the increase 
in pressure is determined. 

Lutecium. Lu. At. no. 71, At. wt. 174-09. 

A comparatively rare element of the rare- 
earth group. The name Cassiopeium (sym¬ 
bol Cp), due to Auer von Wclsbach, is 
sometimes used for this element. Metallic 
lutecium has not been isolated. In its 
compounds the clement is trivalent. The 
oxide, Lu t O„ is white and salts formed 
with colourless acids exhibit no selective 
absorption in the visible spectrum. The 
anhydrous chloride, I.uCl,, has a melting- 
point above 900° and is more volatile than 
ytterbium chloride. The sulphate is known 
to form the octahydrate, Lu,(S0 4 )„ 8H,0. 
Few other compounds of lutecium have been 
described. . 

Lutein, C, 0 H S4 O a . 

CH^CH, 

chT'c-c H : CH • C : CH • CH : CH • C : CH • CH 
HO—<!h LcH, CH, CH, 

The most common of the xanthophyll 
pigments, it is present in green leaves and 
in yolk of egg. It crystallizes in copper- 
coloured prisms from methyl alcohol, M.P. 
193°-190°. Its absorption spectrum in¬ 
dicates that it is derived from a-carotene, 
the very similar pigment ztaranlhin being 
derived from ^-carotene. 

Luteose is a polysaccharide of high 
moleculnr weight which together with 
malonic acid is obtained on alkulinc hydro¬ 
lysis of luteic acid. This substance is 
elaborated in considerable yields by 
Penicillium lutcum when growing on a 
synthetic medium containing any hexose 
or pentose sugar. It is believed that the 
first stage in the life of most fungi is the 
synthesis of a complex polysaccharide. 

Lycopene, C W H M , 

CH, CH, 


Lyddite. An alternative name for picric 
acid. Although lyddite has been widely 
used as an explosive for shells, torpedoes, 
and bombs, certain of its metallic salts arc 
very sensitive to shook ; traces of such salts 
formed in metal containers may render 
the explosive unsafe. Lyddite has there¬ 
fore been superseded to a large extent by 
trinitrotoluene. 

Lyman series. Sec Halmcr scries. 

Lyophilic. Substances are termed lyo- 
philic when their dispersed particles dis¬ 
play a marked stability due to solvation. 
See Colloid, Hydrophilic, Hydrophobic, 
Organosol. 

Lyophobic. Substances arc said to be 
lyophobic when their dispersed particles 
are unsolvatcd and hence easily coagulated. 
See Colloid, Hydrophilic, Hydrophobic. 

Lyotropic series. Although hydrophilic 
sols are not affected by small concentrations 

CH^CH, 

: CH • CH : C • CH : CH • CH : C • CH : CH • Ah. 

<!h. in, h,c-A diioK 
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of electrolytes, they may be “ salted out ” 
by the addition of certain salts which 
possess strong dehydrating properties. 
Citrates, tartrates, and sulphates are very 
efficient in this connexion; iodides and 
thiocyanates tend to dis(>crsc rather than 
coagulate. Thus silk or cellulose will 
peptize to colloidal sols in strong thio¬ 
cyanate solutions but arc reprccipitatcd 
by the addition of sulphates to the sols. 
The arrangement of the different anions in 
order of their salting-out efficiency is termed 
the lyotropic or Hofmeister series. This has 
no connexion with the coagulating power 
of salts on hydrophobic sols. See Colloid, 
Hydrophilic, Hydrophobic, “ Salting out.” 

Lysalbic acid. See Protective colloid. 
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CH^CH, 

• CH : C • CH : CH • CH : C • CH : CH • CH ^CH 
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The red carotenoid pigment of tomatoes, 
rose hips, and many other berries. It 
crystallizes in prisms from petroleum ether, 
M.P. 175°. Soluble in chloroform and 
carbon disulphide, sparingly soluble in 
alcohol, insoluble in water. 


Lysine, a - c - Diaminocaproic 
C*H I4 0*N t . 

CH, • (CH,), • CH • COOH 


acid. 


NH, 


I 

NH, 
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Lysol 

rrvstallizes in colourless needles, M.P. 224®, 
with decomposition. Very soluble in water, 
insoluble in alcohol. The naturally 
occurring substance is dextrorotatory, 
+ 14-6°. Lysine is one of the basic 
amino-acids, occurring in particularly high 
quantities on hydrolysis of the protamine 
and histone classes of proteins It .s also 
one of the essential amino-acids ; it cannot 
be synthesized by the body and must be 
present in the food of animals in order to 
ensure proper growth. Its absence in 

various vegetable proteins makes such 
proteins useless as the sole source of food 
nrotein. See "The Biochemistry of the 
Amino-Acids," by Mitchell and Hamilton. 

Lysol i» a saponaceous solution con¬ 
taining 50% of isomeric cresols. It is 
miscible in all proportions with water and 
dilute solutions are used as antiseptics and 
disinfectants in surgical practice. 

Lysolecithin. A substance obtained by 
the action of the enzyme lecithase of cobra 


venom on lecithin. Its structure is that 
of lecithin with the unsaturated fatty acid 
removed and the saturated fatty acid 
remaining. 

Lyxose, C s H l0 O t . 



A pentose sugar that docs not occur natur¬ 
ally, but has been prepared by degradation 
of galactose. o-Lyxosc exists ns hygro¬ 
scopic colourless crystals, very soluble in 
water, slightly soluble in alcohol. M.P. 
100°-107®, [a]£ + 5-5°, mutarotnting to 
— 14®. The dl form has M.P. 95°. 


Maass. Otto (1890- ). Horn at New 

York Maass studied at McGill, Berlin, and 
Harvard. In 1017 he was appointed 
professor in charge of physical chemistry 
at McGill University, where he became 
Macdonald professor of physical chemistry 
in 1024 and Director of the Department of 
Chemistry in 1037. In 1038 he was elected 
President of the Canadian Institute of 
Chemistry. 

Macerals. A word coined by Stopes " to 
cover all petrological units seen in micro¬ 
scopic sections of coal as distinct from the 
visible units seen in hand specimens." See 
Coal, classification of, and Fuel in Science 
and Practice, Jan., 1035, Vol. 14, pp. 4-13. 

Madeod, John James Rickard (1876- 
1035). Macleod was born at Dunkeld, 
Scotland, and educated at Aberdeen, 
Leipzig, and Cambridge. He was professor 
of physiology at Western Reserve Uni¬ 
versity, Cleveland, ’Ohio, from 1903 until 
1918, when he went to Toronto in a similar 
capacity. While there he was awarded the 
Nobel Prize in Physiology and Medicine 
for 1923 in conjunction with F. G. Banting 
for the discovery of insulin, and in the same 
year was elected a Fellow of the Royal 
Society, London. In 1027 he returned to 
Aberdeen as professor of physiology. 

Macleod’s equation. This equation states 
that y = K ( D “ <*) 4 . wh ere y is the surface 
tension, D the density of the liquid and 
d the density of the vapour. 

Macquer, Peter Joseph, was bom 
in Paris in 1718; he investigated the 


nature of Prussian blue, wrote an excellent 
text-book of chemistry, published a dic¬ 
tionary of chemistry, and paid special 
attention to the chemistry of dyeing. He 
died in 1784. Sec Thomson’s " History," 

I, p. 295. 

MacRae, Alexander Ernest (1887- ). 

MacRuc was born at Avomnore, Ontario, 
and educated at Queen's University. 
From 1915 to 1023 he was examiner in 
charge of the chemical and metallurgical 
division of the Canadian Patent Olficc. 
He was President of the Canadian Chemical 
Association in 1930. 

Macroscopic coal constituents. When a 
hand specimen of bituminous coal is ex¬ 
amined as a rock it will be seen that there 
are four distinct constituents which vary 
according to their brightness or dullness, 
texture, thickness, fracture, friability, or 
striation. 

Stopes calls these the four banded con¬ 
stituents, viz. fusain, durain, clarain, and 
vitrain, and these names are only applicable 
to the visible constituents of hand specimens 
of bituminous coal rock. 

Magenta. See Fuchsin. 

Magnalium. The name used for a 
group of aluminium-magnesium alloys, 
which originally contained 70-05 % of 
aluminium with 30-5 % of magnesium. 
Special varieties of magnalium since de¬ 
veloped include “casts” (aluminium 95 %, 
copper 1-8 %, magnesium 1-0 %, nickel 
1-2 %) “ cast y ” (aluminium 07 %, copper 
18 %, magnesium 1-5 %, with some tin and 
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lend), and •• cast s" (aluminium 05 %, tin 
3-2 %, magnesium 1-0 %, copper 0 2 %, 
lead 0-7 %)• 

Magnesia. See Magnesium oxide. 

Magnesioferrite, MgO, Fe,O a , one of the 
spinel minerals. The crystals arc octa- 
hedra and often covered with small rhombic 
crystals of ferric oxide. M.P. 1770°. sp. gr. 
4 05. Strongly magnetic. Chiefly impor¬ 
tant as a constituent of black magnesite 
bricks in which it acts as a binding agent 
for the more refractory pcriclasc crystals. 

Magnesite. A native form of magnesium 
carbonate, MgCO„ which occurs in crystal¬ 
line and compact varieties. The former 
consists of white or discoloured aggregates 
showing cleavage surfaces, D. 3-0, hardness 
4 ; individual crystals (which arc usually 
rhombohcdral, sometimes hexagonal) are un¬ 
common. The compact variety resembles 
chalk in appearance and is sometimes 
described as “amorphous"; 1). 2-9-3-0. 
Magnesite is used as a source of mugnesium 
compounds and in the manufacture of 
refractories. 

Magnesium, Mg. At. no. 12, At. wt. 
2432. M.P. 051*, B.P. 1380’, D° 1-77. 
Mugnesium crystallizes with the close- 
packed hexagonal structure, a — 3-202, 
c — 5-100 a. Magnesium occurs in a large 
number of minerals. The following arc the 
most common : dolomite, (Ca, Mg)CO, ; car- 
nullitc, MgCI,, KCI, 011,0 ; kainitc, MgSO,. 
8Na,S0 4 ; schonite, MgSO,, K,S0 4 , 611,0 ; 
and magnesite, MgCO,. Magnesium com¬ 
pounds arc obtained from sea water by 
precipitation as mugnesium hydroxide, 
from certain brines, and from its ores. 

The metal is obtained by the electrolysis 
of fused carnullitc in an iron crucible, which 
serves as anode, with a carbon cathode. 
The chlorine is led off and the metal floats 
to the surface, being protected by a current 
of coal gas. The semi-fused metal is pressed 
into wire, which is then rolled into ribbon. 

Recently reduction of MgO with carbon 
or ferro-silicon in the electric arc (electro¬ 
thermal process) has been developed. The 
gaseous Mg is rapidly cooled, and is 99-9 -f 
% pure. 

The metal is silvery-white in colour, and 
very light. It may be obtained in a 
crystalline state by vacuum sublimation at 
550°. Light alloys containing magnesium 
are used to some extent, e.g. elektron is 
95 % Mg, 5 % Zn. 

Although the finely-divided metal readily 
burns in air or oxygen, with formation of 
MgO and Mg,N„ the massive metal ignites 
only at very high temperatures. 

Magnesium reduces sodium and potassium 
oxides on heating. Magnesium powder, 


mixed with powdered potassium chloride or 
barium peroxide, burns explosively when 
ignited, producing a blinding white Hash. 
The mixture is used in photogrnphy, and in 
signalling, and in star shells. 

The metal is stable in dry air, but soon 
becomes covered with oxide in moist air. 
Powdered magnesium decomposes hot water. 
The metal is readily soluble in dilute acids, 
but not in alkalis. 

Magnesium carbonate, MgCO,, occurs 
naturally as magnesite and in dolomite, 
MgCO,, CaCO,. Crystals of magnesium 
carbonate are rhombohcdral, « = 5-01 a., 
a = 48' 12', and arc isomorphous with 
calcitc. Only basic carbonates are precipi¬ 
tated by addition of alkaline carbonate 
to mngnesium salt solutions. Suspensions 
of the basic salts in water dissolve in the 
presence of excess carbon dioxide with the 
formation of a bicarbonate, Mg(HCO,),. 
On heating the solution to 50°, crystals of 
MgCO,, 311,0 separate. 

Two magnesium carbonates differing in 
density are used in medicine, the light 
variety being about five times more bulky 
than the heavy variety. Roth arc basic 
carbonates, insoluble in water, with the 
approximate formula, 

3MgCO„ Mg(OH)„ 411,0. 

They are used as antacids and mild laxa¬ 
tives, and are suitable for administering 
to children. 

Magnesium chloride, MgCI,. Obtained 
most readily from camallite, 

KCI, MgCI,, 0H,O. 

Camallite fuses at 170° with the deposition 
of practically all the potassium chloride; 
fused magnesium chloride remains. On 
cooling, the rest of the potassium chloride 
deposits as camallite, and pure magnesium 
chloride hexahydrate is obtained. The 
anhydrous chloride is obtained by heating 
the hexahydrate in hydrogen chloride. The 
hexachloridc crystals are very hygroscopic 
and are used in lubricating cotton thread in 
spinning. Several other hydrates are known, 
viz. with 12H,0, 8H,0 (a and 0), 0H,O, 
4H,0, and 2H,0. The crystalline hydrates 
on heating above 186 ° undergo hydrolysis, 
with the formation of magnesium oxy¬ 
chloride, Mg,OCl,; on strongly heating in 
air this evolves chlorine and leaves the oxide. 

Magnesium hydroxide, Mg(OH),. Formed 
by the hydration of the oxide, or, more 
readily, by precipitation of a solution of a 
magnesium salt with caustic soda. Mag¬ 
nesium hydroxide is slightly soluble in 
water ( 0-1 gm. per litre), the solution 
possessing an alkaline reaction. A crystal¬ 
line variety occurs naturally as brucite, 
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belonging to the trigonal system, with 
lattice units a = 313 a., c = 

Magnesium oxide, Magnesia. MgO. Mag¬ 
nesium oxide is formed, as a wh.te infus.ble 
nowder (M.P. 2500“), by the combustion of 
fhe metal in oxygen, or by the ignition of 
the hydroxide, carbonate, or nitrate. It 
occurs as the mineral periclasc. forming 
colourless crystals with the sodium chlor¬ 
ide structure, a = 4-20 a. Iiol h the 
physical and chemical properties depend 
on'the mode of formation. The oxide 
prepared from the basic carbonate pre¬ 
cipitated at 100 " is much denser than 

that from the same substance precipitated 
at o° Whereas a sample of oxide prepared 
by ignition at 000 ° is completely hydrated 
in several days, ignition to 1500 will 
prevent complete hydration over a period 
of years. The oxide is readily soluble in 
dilute acids. 

Magnesium oxide is largely used as a 
refractory owing to its high temperature 
resistance. It is also used for heat in¬ 
sulation. For medicinal purposes it is 
made in a light and a heavy form by 

igniting the corresponding carbonates. It 
is used in stomach powders as an antacid. 

Magnesium perchlorate, Mg(ClO t )„ some¬ 
times called anhydrone, is used to absorb 
water vapour. 

Magnesium silicate is an insoluble white 
powder which is slowly decomposed by 
acids forming a soluble magnesium salt and 
insoluble silica which has strong adsorptive 
properties. It is administered to reduce the 
acidity of the stomach, and to remove 
toxins by adsorption on the liberated silica. 
Its neutralizing action is slow, and persists 
for some time, and as it is not an alkali 
there is no danger of alkalization. 

Magnesium sulphate, MgSO«. Magnesium 
sulphate is most readily prepared by dis¬ 
solving dolomite or magnesite in dilute 
sulphuric acid ; on crystallization 
MgSO«, 7H,0 (Epsom salt) 
is obtained. The sulphate occurs naturally 
as kiescritc or rcicharditc, MgSO,, H t O. 
On heating to 200° the hydrates lose water 
to give the anhydrous sulphate. Mag¬ 
nesium sulphate, MgS0 4 , 7H t O, is used as a 
purgative, as a dressing for cotton goods, 
and in dyeing with aniline colours. 

Magneson, p-Nitrobenzeneazoresorcinol. 


O.N<( —N=N—)OH 

A brownish-red powder, soluble in sodium 
hydroxide. It is used for the detection and 
estimation of magnesium, with which it 
forms a blue lake in alkaline solutions. 


Magnetic polarization o! light. See 
Verdet’s constant. 

Magnetic separation and concentration. 
The separation of materials by magnetic 
means was first applied to the removal of 
magnetite from ganguc materials. This 
separation is most frequently carried out 
by means of the Wctherill, Ball-Norton, or 
other suitable belt type machines. Mag¬ 
netic pulleys arc also frequently used for 
the removal of tramp iron from minerals. 

Magnetite, Fc,0„ a mineral form of black 
magnetic iron oxide which occurs in massive 
form in Cornwall, Devon, nnd elsewhere in 
the British Isles and also in Norway, 
Sweden, Siberia, and Canada. The crys¬ 
tals are cubic (a — 8-42) and strongly 
magnetic. They break with a sub-con- 
choidal fracture. Sp. gr. — 4 0-5-2, hard¬ 
ness =■ 5-0. Magnetite may be regarded 
as an iron spinel, FcO, Fe t O„ M.P. 1538°, 
but as magnetite is readily decomposed at 
530° its true M.P. is uncertain. 

It is an iron ore, a flux, and a pigment for 
glazes. It is occasionally used as a re¬ 
fractory material for lining furnaces in 
which malleable iron is made. 

Mahogany acids form a part of the pro¬ 
duct of the reaction of sulphuric acid with 
petroleum : they arc oil-soluble sulphonic 
acids, and arc extracted from the treated oil 
with alcohol. 

Malachite, (a) the common name for 
a green mineral consisting essentially of 
hydrated copper carbonate, 2CuCO„ 11,0, 
which is often striated and forms a useful 
decorative stone for interior use. It is 
capable of receiving a high polish. (6) A 
variety of Parian ware which has been 
coloured green by chromium oxide so as to 
present the appearance of malachite. It 
was once very popular but is now seldom 
seen. 

Malachite green. This is a diaminotri- 
phenylmethane derivative. 

It is prepared by condensing 
benzaldehyde, dimethyl ani¬ 
line, and hydrochloric acid 
to the •* leuco- " base of the 
dye, which is liberated with 
alkali. The leuco-base is 
then oxidized with lead 
peroxide and hydrochloric 
acid at 0 °, the lead re¬ 
moved as sulphate, and the 
carbinol-basc precipitated 
with alkali. The leuco-basc 
is then converted into the 
oxalate by treatment with 
oxalic acid. It dyes tannin-mordanted 
cotton a bluish-green, and is also used for 
colouring silk, wool, leather, paper, foods, 
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oils, etc. It is a satisfactory dye for silk 
weighted with tin phosphate, and has the 
comparatively rare property of dyeing 
cellulose acetate direct. 

Male fern is the dried rhizome and the 
bases of the fronds of Dnjopleris Filix-mas. 
The oily extract, prepared from it by 
exhausting with ether, contains chlorophyll 
and about 25 % of an active principle termed 
“ filicin." Extract of male fern is used 
almost entirely for expelling tape-worms to 
which it acts as a poison. The drug is 
administered in capsules following a period 
of starvation and purgative, and then, after 
several hours another purgative is given and 
the dead worm expelled. 

Maleic acid crystallizes in colourless 
prisms, M.P. 130®. Very 
soluble in water and alco- 11 ^bOOii 

hoi. Manufactured by _COOH 

treating maleic anhydride 
with water. It is converted to the anhydride 
by heating at 140°. By prolonged heating 
at 150°, it is converted to fumaric acid. 
Maleic and fumaric acids arc geometrical 
isomers, and differ only in the arrangement 
of their carboxyl groups about the double 
bond. It is also converted to fumaric acid 
by heating with water under pressure to 
200 °. Reduced by hydrogen to succinic 
acid. Reacts with bromine to give isodi- 
bromosuccinic acid. Oxidized by alkaline 
solutions of potassium permanganate to 
mcsotartaric acid. When heated with solu¬ 
tions of sodium hydroxide at 100 ®, sodium 
dZ-malatc is formed. Used in the prepara¬ 
tion of d/-malic acid. 

Maleic anhydride is a colourless crystal¬ 
line substance, M.P. 52-6°, B.P. 

100°. Soluble in acetone and 
chloroform; sparingly soluble 
in petroleum ether. Manu¬ 
factured by the oxidation of 
benzene, furfural, or crotonaldchydc by air 
in presence of vanadium catalysts. Reacts 
with hot water to give maleic acid. Re¬ 
duced by hydrogen in presence of catalysts 
to succinic anhydride. Reacts with con¬ 
jugated diolclincs to give derivatives of A 4 - 
tetrahydrophthalic anhydride. Forms resin¬ 
ous substances with tcrpcncs. Used in the 
dyeing of cotton goods and in the manufac¬ 
ture of synthetic resins ; used also to prevent 
the oxidation of fats and oils during storage, 
and to prevent the development of rancid 
odours in milk powders, pastry, and caramels. 

Malic acid, Hydroxysuccinic acid, C 4 H,0„ 

contains an asymmetric car- rrnnH 

bon atom, and exists in "*| W 
two optically active and a HOCHCOOH 
racemic form. /-Malic acid 
crystallizes in colourless needles, M.P. 100°. 


Very soluble in water and alcohol; sparingly 
soluble in ether. It occurs in many acid 
fruits, such as grapes, apples, and goose¬ 
berries. Prepared by fermentation of 
potassium fumaratc with Aspergillus niger 
or from d-bromosuccinic acid by the action 
of sodium hydroxide. The crystals readily 
absorb water vapour. Forms double salts 
with many inorganic salts; these possess 
optical rotations much greater than that of 
malic acid. Forms d-chlorosuccinic acid 
when treated with phosphorus pcntachloridc. 
This is an example of the Walden inversion. 
Malic acid is converted to fumaric acid 
at 140°, and to maleic anhydride at 180®. 
d-Malic acid, M.P. 100® ; prepared from d- 
chlorosuccinic acid by the action of moist 
silver oxide. d/-Malic acid, M.P. 133°; manu¬ 
factured by heating fumaric or maleic acids 
with sodium hydroxide solution at 100 ®; 
dl-ammonium molyhdomalutc crystallizes in 
optically active crystals. Disodium malate 
is used as a condiment by persons on a 
'* salt-free ” diet. 

Malleability is the property which enables 
a body to be extended in all directions by 
hammering or rolling. The degree of 
malleability is gauged by the thinness of 
leaf or foil which it is possible to produce. 

Malleable cast iron. Wrought iron can¬ 
not be cast, but it is possible to treat 
castings of cast iron so that they become 
like wrought iron. There are two treatment 
processes: the white-heart process and the 
black-heart process. 

The white-heart process consists in 
packing in powdered red hfematite ore in 
boxes which arc kept in an unnealing oven 
from three to seven days, the oxygen of 
the ore reducing the carbon content to less 
than 10 %. This method is the reverse df 
the cementation process for steel. The 
process requires very careful control, and in 
castings of variable section it is difficult to 
obtain uniform results. 

In the black-hcart process no oxidation of 
the carbon is attempted, but by a prolonged 
heating in a non-oxidizing atmosphere the 
carbon originally in solid solution in the 
carbide becomes dissociated and is pre¬ 
cipitated as graphite. The castings, which 
must be made of a suitable grade of cast 
iron, are heated for about a week. With 
casting of variable section no difficulty is 
experienced. The graphitization of the 
material affects the appearance of the 
fracture, making it darker than that 
obtained by oxidation. 

The tensile strength of malleable cast iron 
is about equal to that of wrought iron, but 
ductility is considerably less. 
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Mallet 

Mallet, John William (1832-1912). Mallet 
wasborn at Dublin, and educated at 
GOttingen and Dublin. He went to the 
United 8 States in 1853 and from 1854 to 
1861 was chemist to the Geological Survey 
of Alabama and professor of chemistry at 
the University of Alabama. In 1808 he 
went to the University of Virginia, becom¬ 
ing professor of general and industrial 
chemistry in 1872, and retiring as professor- 
emeritus in 1908. He was elected a Fellow 
of the Royal Society in 1877, and was 
President of the American Chemical Society 
in 1882. His chief researches were on 
mincralogical chemistry. 

Malonic acid forms colourless, tnclinic 
crystals; above 94° these pass 
to a monoclinic form. M.P. 

135 0°. Soluble in water, alco¬ 
hol, and ether. Occurs in the 
mixed calcium salts obtained 
during the processing of sugar- 
beet. Prepared by heating a solution of 
sodium cyanoacetate with sodium hydroxide 
until no more ammonia is evolved. It is 
isolated either ns the free acid or as the 
sparingly soluble calcium salt. Decom¬ 
poses above 140° to give acetic acid. 
Forms crystalline acid and neutral salts. 
Reacts with aldehydes in presence of prim¬ 
ary and secondary bases to give unsatur- 
ated substituted malonic acids; some of 
these very readily lose carbon dioxide to 
give <x/?-unsaturatcd fatty acids. Its 
estcre arc used in organic syntheses. 

Malonic ester, Diethyl malonate, C T H„0 4 , 

XOOCH.CH, 

CH,< 

'COOCHjCH, 

is a colourless liquid with a faint aromatic 
odour, D 1 * 1 008, B.P. 197 0 -198°. Insoluble 
in water; miscible with organic solvents. 
Manufactured by treating sodium mono* 
chloroacctatc with sodium cyanide in alkaline 
solution at 60°. The resulting sodium 
cyanoacetate is heated with alcohol and 
sulphuric acid and the malonic ester ex¬ 
tracted with benzene. It is converted to 
malonic acid and alcohol by boiling with 
water or dilute alkalis. Like acctoacetic 
ester, it reacts with metallic sodium—a 
sodium atom displacing one of the hydrogen 
atoms of the CH X <^ group. This sodium 

derivative reacts with halogen compounds 
of different types to give substituted malonic 
acids of the type 


RCH 


<c 


COOH 


OOH 


The esters of these acids also react with 
sodium, which replaces the remaining hydro¬ 
gen atom of the original CH X /^ group, and 
by causing these to react with halogen 
compounds, disubstituted malonic acids, 


RR'C 


/COOH 

\C00H 


are formed. Malonic ester and the esters 
of the substituted malonic acids react with 
urea to give barbituric and substituted 
barbituric acids, which arc important 
drugs. 

Malt is barley grain which has been 
allowed to germinate and then heated to 
destroy vitality and dried. The extract 
prepared from it by digestion with warm 
water and evaporation of the solution in 
vacuo contains a large proportion of maltose 
resulting from the action between the 
diastase and starch in the grain. It is used 
as a food adjunct in debility and as a 
vehicle for the administration of cod-liver 
oil in tuberculosis, in convalescence, and 
for growing children. 

M&lt&se (x-glucosidase) is the enzyme 
which hydrolyses the sugar of starch, i.e. 
maltose and also synthetic a-glucosidcs. 
It is present in yeast, and therefore active 
during brewing fermentations, where it 
serves to hydrolyse maltose to glucose 
before it can be fermented. The best p a 
is 7. It is widely distributed. It is very 
sensitive to other substances and not easily 
purified. 

Maltose, C^H^O,,, is the sugar produced 
by the degradation of starch and glycogen. 
It is glucosc-4-a-glucosidc. It was re¬ 
discovered by O'Sullivan in 1872. It 
behaves in most respects as glucose; it 
crystallizes as the monohydratc in colourless 
needles, M.P. 100°, [a] D + 118% increasing 
by mutarotation to + 136°. The a form 
has [aJ D + 1G8% It is fermented after 
hydrolysis by maltose, which is present in 
yeast. The products variously known ns 
isomaltose, gallisin, etc., arc now regarded 
as mixtures. 

M&nchot, Wilhelm (1869- ). Edu¬ 

cated at Strasburg and at Munich, Manchot 
taught at the Universities of Ilallc, Gottin¬ 
gen, and Wurtzburg. From 1914 till 1935 
he was professor of inorganic chemistry at 
the Technischen Hochschule, Munich. His 
researches include investigations upon auto¬ 
oxidation and the metal carbonyls and 
nitrosyls. 

M. and B. 693. Sec Sulphapyridine. 
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CII(OII)COOII 


Mandelic acid. Colourless rhombic prisms. 
(dl) M.P. 118°, (/- or rf-) 

M.P. 133°, [a] D ± 150°. 

Readily soluble in alcohol 
and ether. Occurs com¬ 
bined in the glucosidc 
umygdalin. Prepared by 
hydrolysis of mandelonitrile (bcnzaldchydc 
cyanohydrin); may be resolved by crystalliza¬ 
tion with cinchonine. It is administered in 
large doses in the treatment of urinary infec¬ 
tions, and passes unchanged into the urine, 
which it renders bactericidal. 

Manganates arc salts derived from the 
hypothetical manganic acid, II,Mn0 4 . They 
are formed when manganese compounds arc 
fused with alkali in air, or better, in presence 
of an oxidizing agent such as potassium 
nitrate or chlorate. The first product 
appears to be a complex manganitc- 
manganatc; when treated with water 
hydrated manganese dioxide is thrown down 
and a green solution of a manganatc is 
formed. They are also formed in solution 
by careful reduction of permanganates in 
presence of alkali. Potassium manganatc, 
K t MnO ( , may be obtained by evaporation 
of solutions obtained in these ways, as dark 
green rhombic crystals isomorphous with 
potassium sulphate, but which arc usually 
contaminated with excess alkali and man¬ 
ganese dioxide. In a similar way, sodium 
manganatc, Na,Mn0 4 , 1011,0, isomorphous 
with the sulphate, may be obtained, and 
the insoluble barium manganatc, BaMnO,, 
can be precipitated. They arc only stable 
in strongly ulkalinc solution : dilution or 
neutralization of the solution causes dis¬ 
proportionation to permanganate and hy¬ 
drated manganese dioxide. 

Manganese, Mn. At. no. 25, At. wt. 
54-03. A grey metal, brittle, hurdcr than 
pure iron. M.P. 1242°, sp. gr. 7-4. There 
seems to be only one sort of atom, with a 
mass of 55. Manganese is remarkable for 
crystallizing in three forms, which have 
very complicated crystal structures, in 
marked contrast to the simple structures 
of most metals. The a form is cubic, 
a = 8-003 a., the unit cell containing 58 
atoms. The structure of fi-Mn is also 

cubic, a = 0-20 a., with 20 atoms in the 
unit cell. It occurs in nature chiefly as 
the ore pyrolusitc (MnO,), but also as the 
carbonate, and higher oxides (Mn,0, and 
Mn,O t ). On the large scale alloys of 
manganese and iron are manufactured by 
reducing a mixture of the oxides with 
carbon in a blast furnace. See Manganese 
alloys. On a small scale manganese is 
mode by reducing the oxide by carbon or 
powdered aluminium at a high temperature. 


Manganese acetates. Manganous acetate, 
Mn(CH,CO,),, 411,0, forms pale red mono- 
clinic crystals, readily soluble in water. 
Manganic acetate, Mn(CH a CO,)„ 211,0, is 
formed by oxidation of manganous acetate 
with potassium permanganate in presence 
of glaeial acetic acid. It is a reddish- 
brown crystalline substance, fairly stable in 
dry air, and soluble in water with partial 
hydrolysis. It is a useful starting-point for 
the preparation of tcrvalent manganese 
compounds. 

Manganese alloys. An alloy of steel 
containing al>out 12 % of manganese 
is very hard and tough and is used for 
rock crushers, railway points, and such 
purposes. Manganin contains ubout 80 % 
to 80 % copper, about 10 % to 15 % man¬ 
ganese, and from 2 % to 5 % of nickel. 
Stainless steel often contains about 0-4 % 
to 0-5 % of manganese. Ferromanganese 
is about 50 % of iron and 50 % of man¬ 
ganese ; spcigcleiscn contains less than 20 % 
of manganese, the remainder being iron. 

Manganese alums may most easily be 
obtained by electrolytic oxidation of solu¬ 
tions of manganous sulphate and the alkali 
sulphate in 25 % sulphuric acid. The 
cesium alum, Cs,S0 4 , Mn,(SO ( )„ 2411,0 is 
most easily obtained; the rubidium, 
potassium, and ammonium snlts nrc more 
soluble and can only be crystallized nt low 
temperatures. They form red oetahedra 
which arc decomposed by water. 

Manganese borates. The substunccs ob¬ 
tained by precipitation arc of indefinite 
composition, but definite compounds such 
as Mn(BO,)„ Mn,(BO,)„ MnD 4 0„ und 
MnB s O, 0 may be obtained in the dry way, 
but arc more or less hydrolysed by water. 
Various manganous borate preparations are 
used as driers for linseed oil. Their mode 
of operation is probably catalytic oxidation, 
and other manganous salts (c.g. the sulphate) 
have a similar effect. 

Manganese bromides, Manganous bromide, 
MnBr,, crystallizes at ordinary temperatures 
as the tclrahydralc, cx-MnBr„ 411,0, which 
forms flesh-coloured rhombic prisms. Below 
13° a hexahydrate is formed, and a fi-tetra- 
hydrate, which is always metastable, and 
a monohydrate, also exist. The anhydrous 
salt may be obtained by heating the hydrates 
in a stream of hydrobromic acid. Man¬ 
ganous bromide is very soluble in water. 
At 18°, 100 g. of saturated solution contain 
59-1 g. of MnBr,. 

Manganic bromide, MnBr,, has been 
obtained by the action of excess of bromine 
on finely divided manganese under ether, 
in the form of an addition compound, 
MnBr,, 3(C,H,),0. 
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Manganese bronze. An alloy of approxi¬ 
mate composition 57-2 % Cu, 41 0 % Zn, 
0-3 % Al, 0-7 % Fe, and 0-8 % Mn. A variety 
known as Turbadium bronze contains no 
aluminium, but has 2 0 % Ni and 0 5 % Sn. 
These alloys are used for the fabrication of 
ships’ propellers, etc. 

Manganese carbonate, MnCO„ may be 
precipitated by the use of sodium bicar¬ 
bonate saturated with carbon dioxide, and 
if precipitated at a high temperature forms 
red octahedra. The precipitates obtained 
under ordinary conditions arc hydrated 
basic carbonates of rather indefinite com¬ 
position. They are all rapidly oxidized in 
air. Manganese carbonate occurs as the 
mineral rhodochrosite, crystallizing in the 
rhombohedral system with a = 5 81 a., 
a -» 47° 20', isomorphous with culcitc. 

Manganese chlorides. MnCI, and MnCI, 
are known, and MnCl 4 exists in solution and 
complex chlorides ( q.v .) derived from it 
exist in the solid state. 

Manganese chloride, MnCI,. crystallizes 
at the ordinary temperature as the a -tetra- 
hydrale, MnCI,, 411,0, in rhombic prisms. 
Below — 2° a hexahydrate, and above 58° 
a dihydrate, arc formed. There is also a 
p-tetrahydrate which crystallizes from super¬ 
saturated solutions, and is always metastable. 
The transition-point 4H,0-2H,0 has been 
used as a thermomctric fixed point 

(58-008° ± 005°). 

The anhydrous salt may be obtained by the 
action of hydrogen chloride on the heated 
metal, or by heating the hydrates in a 
stream of hydrogen chloride. It is a pink 
deliquescent substance, M.P. 050°. Man¬ 
ganous chloride is very soluble in water: 
100 g. dissolve at 25° 77-2 g., and at 100° 
110 g. of MnCI,. 

Manganic chloride , MnCI,, is present in 
the dark brown aqueous or green ethereal 
solutions obtained by the action of aqueous 
or ethereal hydrochloric acid on manganese 
dioxide in the cold. It has been isolated as 
a greenish-black mass by treating a suspen¬ 
sion of MnO, in CC1 4 with chlorine, and 
then extracting with ether at a low tem¬ 
perature. It is decomposed by water, but 
dissolves in ether, forming a violet solution, 
which becomes green in presence of hydrogen 
chloride. Complex salts (q.v.) derived from 
it arc rather more stable. 

Manganese tetrachloride, MnCl 4 , has not 
been isolated, but is probably present in a 
complicated equilibrium with free chlorine, 
lower chlorides, and complex acids in 
solutions of manganese dioxide in cold 
concentrated hydrochloric acid, and complex 
21 
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salts (q.v.) derived from it have been isolated 
from such solutions. 

Manganese chlorides, complex. Two 
scries are known, derived from manganic 
chloride and from the unknown tetra¬ 
chloride respectively. Potassium mangani- 
chloride, K,MnCl t , is formed as dark red 
crystals by addition of KC1 to the brown 
solution of MnO, in cold hydrochloric acid. 
It is moderately soluble and fairly stable in 
concentrated hydrochloric acid, but is decom¬ 
posed by water. Other salts of this scries are 
(NH 4 ),MnCl„ II t O, Rb,MnCl 4 , and Cs,MnCI*; 
the last two are very sparingly soluble. 

The chloromanganiUs , derived from MnCl 4 , 
may best be obtained by the action of 
hydrochloric acid and an alkali chlor¬ 
ide on calcium permanganate cooled in a 
freezing mixture. K,MnCI 4 , Rb,MnCI 4 , and 
(NH 4 ),MnCl 4 have been isolated in this way, 
as deep red crystals which slowly decompose 
with evolution of chlorine. They arc In¬ 
stantly decomposed by water. 

Manganese cyanides, complex. Simple 
cyanides of manganese arc not known, and 
the precipitates obtained by addition of an 
alkali cyanide to a manganous salt always 
contain alkali metal. They arc soluble in 
excess of alkali cyanide, and from the 
solution manganoeyanides can be crystal¬ 
lized. The potassium salt, K 4 Mn(CN) 4 , 
forms violet crystals which give a yellow 
solution in water, from which,on dilution or 
addition of a manganous salt, a green pre¬ 
cipitate of KMn(CN), is obtained. The 
solution gives characteristically coloured 
precipitates with salts of heavy metals, and 
the free acid, H 4 Mn(CN) 4 , has been isolated 
in colourless crystals by the action of 
hydrogen sulphide on the lead salt, followed 
by evaporation in vacuo. Its solution soon 
undergoes hydrolysis, with precipitation of 
manganous hydroxide. 

Solutions of manganoeyanides may be 
oxidized (even by air) to manganicyanides 
such as K,Mn(CN) 4 . which forms orange-red 
crystals isomoq»hous with the ferricvanidcs. 
In solution it is slowly hydrolysed. Ilcavy- 
metal manganicyanides may be obtained as 
characteristically-coloured precipitates. 

When sodium manganocynnidc is treated 
with aluminium and caustic soda, and the 
solution treated with excess of sodium 
cyanide, a colourless crystalline salt, 

Na s Mn(CN) fl , 

is precipitated. The potassium salt, 

K,Mn(CN)„ 

is also known. They are of interest as 
containing univalent manganese, nnd are 
extremely easily oxidized. 
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Manganese, detection and estimation. 

Manganese is precipitated by ammonium 
sulphide as MnS. The solubility of the pre¬ 
cipitate in dilute acids enables it to be 
separated from cobalt and nickel, and when 
the solution is treated with caustic alkali 
the insolubility of manganous hydroxide 
affords a separation from zinc. Sensitive 
tests for manganese arc oxidation to green 
manganate in the dry way (fusion with 
KOH + KNO,) or oxidation to perman¬ 
ganate (violet colour) by means of boiling 
with nitric acid and lead dioxide ; the same 
oxidation is also brought about by perio¬ 
dates in hot acid solution, or by persul- 
phates in presence of a truce of silver salt. 
Quantitatively, manganese may be separ¬ 
ated from other metals as sulphide or as 
hydrated dioxide: for details a special 
text-book of analytical chemistry should be 
consulted. It may be estimated gravi- 
metrically by precipitation as MnNH.PO., 
and ignition to Mn,P a O„ or as sulphide, or 
as oxide (ignition to Mn,0 4 ). Volumctri- 
cally, manganese may be titrated with 
permanganate in presence of zinc oxide, 
and small amounts (e.g. in steel) may be 
estimated colorimctrically by oxidation to 
permanganate, preferably with periodate as 
above. 

Manganese fluorides. MnF, and MnF, 
are known, and MnF 4 probably exists in 
solution and complex fluorides ( q.v .) derived 
from it arc known. 

Manganous fluoride, MnF,, is formed in 
solution when the hydroxide or carbonate 
dissolves in hydrofluoric acid, and crystal¬ 
lizes ns the tetrahydrate, MnF„ 411,0. The 
anhydrous salt is formed by heating the 
double salt, NH t F, MnF„ which is precipi¬ 
tated from solutions of manganous salts by 
excess of ammonium fluoride. It is not very 
soluble in water; 100 g. dissolves 105 g. of 
MnF, at 20°, and less at higher temperatures, 
but it dissolves easily in mineral acids. 
The aqueous solution is hydrolysed on 
boiling with precipitation of a basic fluoride. 

The double fluorides, NaF, MnF„ KF, 
MnF,, and NH,F, MnF, are also sparingly 
soluble. An acid fluoride, 

MnF„ 5HF, 0H,O, 

crystallizes in rhombohedra from solutions 
in excess of hydrofluoric acid. 

Manganic fluoride, MnF„2H,0, is obtained 
in ruby-red crystals by evaporation of a 
solution of manganic oxide or hydroxide in 
hydrofluoric acid. The anhydrous salt is 
formed by the action of fluorine on the 
metal. Manganic fluoride with a little 
water dissolves to a deep red solution, but 
on dilution or on warming this decomposes. 


It is, however, stabler in presence of an 
excess of hydrofluoric acid. Complex salts 
(q.v.) derived from it arc rather more stable. 

Manganese fluorides, complex. Complex 
fluorides derived from MnF, may be 
obtained in a variety of ways: by electro¬ 
lytic oxidution of manganous salts, or the 
mutual oxidation and reduction of perman¬ 
ganates and manganous salts, or by the 
action of nitrous acid on cither a perman¬ 
ganate or a manganous salt (reduction on 
the one hand and oxidation on the other): 
all these in presence of hydrofluoric acid 
and an alkali fluoride. (NH 4 ),MnF„ 
Na,MnF 4 , and K,MnF„ H t O arc the best 
known ; they arc red, crystalline, sparingly 
soluble salts, rather more stable than MnF, 
but easily hydrolysed in dilute solution. 

The hypothetical MnF. gives rise to a 
series of complex fluorides known as fluo- 
manganites. Hydrated manganese dioxide 
dissolves in hydrofluoric acid and from the 
solution potassium fluoride throws down 
K,MnF, in golden-yellow plates. They arc 
slowly hydrolysed by water, and with 
hydrochloric acid they yield chlorine. The 
rubidium and ammonium salts arc also 
known. 

Manganese hydroxides. Manganous hy¬ 
droxide, Mn(OII),, occurs in nature as 
pyrochroite, and can be obtained crystalline 
in the laboratory by deposition from caustic 
potash at rather high temperatures, when 
it forms hexagonal prisms. As ordinarily 
prepared, by precipitation with caustic 
alkalis in absence of air, it is a white 
amorphous substance, which very rapidly 
turns brown on exposure to air, being 
oxidized to hydrated MnO,. It dissolves 
readily in acids and in ammonium salts, 
and is very slightly soluble in water (about 
10 ”* mol/litre). 

Manganic hydroxide, Mn,0„ arll,0 or 
MnO • OH, is precipitated when solutions of 
manganic salts are hydrolysed, or when 
ammoniacal solutions of manganous salts 
are exposed to air. Its colour varies accord¬ 
ing to the method of preparation from 
yellowish-brown to dark brown, and it 
often resembles precipitated ferric hydroxide 
in appearance. The degree of hydration of 
the precipitate is somewhat indefinite, but 
after dry ing at 100° it has the composition 
MnO • OH and a hydroxide of this composi¬ 
tion occurs in nature as manganitc. With 
acids it reacts as docs manganic oxide, but 
more readily, and in particular ortliophos- 
phoric, hydrofluoric, hydrocyanic, and oxalic 
acids dissolve it, forming complex man¬ 
ganic salts. 

Hydrated manganese dioxide , MnO,, .tH,0 
or MnO,, H,0, is formed as a brown or 
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black precipitate by a variety of reactions, 
such as the disproportionation of manganic 
compounds, alkaline oxidation of manganous 
compounds, and reduction in neutral solu¬ 
tion of permanganates. Its water content 
is indefinite, but often approximates to 
MnO,, H,0, though it is doubtful whether 
this formula represents a true compound. 

It cannot be completely dehydrated without 
losing oxygen. It behaves as a very feeble 
acid, forming manganites ( q-v .), and as 
usually precipitated it contains traces or 
alkali which cannot be removed by washing. 
Its chemical behaviour is that of manganese 
dioxide (g.v.). 

Manganese iodide. The only known 
iodide is manganous iodide, Mnl,. The 
anhydrous salt may be obtained by the 
action of iodine on finely divided manganese 
under ether, as a rose-red deliquescent mass 
which decomposes when heated in air. 
From solutions obtained by the usual wet 
methods a tetrahydrate, Mnl,, 4H t O, is 
obtained as deliquescent pink crystals. 
Other hydrates with 1, 2, 6, and 911,0 are 
known. Manganous iodide is very soluble 
in water, and the solution is partially 
hydrolysed on evaporation, depositing a 
basic iodide, Mnl„ MnO. 6H.O, as colourless 
crystals. 

Manganese nitrate. The only known 
nitrate is manganous nitrate, Mn(NO,),. 
As obtained by the usual wet methods it 
forms colourless monoclinic crystals, 

Mn(NO,)„ flH,0, 

which melt in their water of crystallization 
at 25-8°. At higher temperatures, or in 
presence of much nitric acid, a trihydrate, 
M.P. 35°, is obtained, and a mono-hydrate 
can be crystallized by slow evaporation 
while continually adding nitric acid. On 
evaporation of a solution on the water- 
bath decomposition occurs, hydrated man¬ 
ganese dioxide being deposited. The anhy¬ 
drous salt cannot be obtained by ordinary 
methods, but has been prepared by the 
action of nitric anhydride on the mono- 
hydrate. Manganous nitrate is very sol¬ 
uble, dissolving in its own weight of water 
at 0°. 

Manganese oxalates. Manganous oxalate, 
MnC.O,, 3H,0, may be obtained as a white 
powder by precipitation or by the action of 
oxalic acid on a hot solution of potassium 
permanganate. A dihydrate is also known, 
and the anhydrous salt is formed at 110 3 . 
Solutions of higher oxides or hydroxides of 
manganese in oxalic acid contain either 
manganic oxalate, Mn(C,0 4 ) s or a complex 
acid derived from it. From these solutions 
jnangani-oxalates such as K,[Mn(C,Q 4 ) s ], 


3H a O (red needles isomorphous with the 
fcrri-oxalate) and NaJMn^OMC^O,),] 
(green crystals) have been isolated. 

Manganese oxides. MnO, Mn,0 4 , M 2 
MnO,, and Mn,0, are all known. In addi¬ 
tion. a number of intermediate oxides have 
from time to time been described but are 
probably mixtures or solid solutions A 
trioxide, MnO„ was for long supposedl to 
exist, but it has been shown to be merely a 
form of impure permanganic acid. 

Manganous oxide, MnO. is formed when 
the hvdroxide or carbonate is heated in 
absence of air, or by the reduction of the 
higher oxides by heating in hydrogen or 
carbon monoxide. Its colour vanes from 
grey to green according to the method of 
preparation. By heating at high tempera¬ 
tures it may be obtained crystallized in 
octahcdra, s P . gr. 5 09. The crystal struc¬ 
ture is of the sodium chloride type, 
a - 4 42 a., as in the case of CaO, I cO, 
CoO, NiO, etc. It is very easily oxidized, 
and can only be reduced to the metal 
with great difficulty. It dissolves readily 

in acids forming manganous salts. 

Manganoso-manganic oxide, Mn 3 0 4 , occurs 
in nature as haussmannitc. It is the most 
stable oxide, in that oxy-salts or other 
oxides arc all converted to Mn,0 4 on 
ignition in air al>ovc 940°. As ordinarily 
prepared it is a brown amorphous powder, 
but it becomes crystalline on strong ignition. 
Two forms exist: tetragonal (haussman¬ 
nitc) and octahedral (isomorplious with 
magnetite). With acids it reacts as does 
Mn,O s . 

Manganic oxide, Mn,O s , occurs in nature 
as braunite, and is most easily obtained in 
the laboratory by heating MnO, in air 
above 530° but below 940°, at which tem¬ 
perature it begins to lose oxygen, forming 
Mn,0 4 . It is a brown or black powder, 
which with acids may form a manganic salt 
(e.g. cold cone. II,S0 4 ), or a manganous salt 
and MnO,, xll.O (e.g. dil. lI a S0 4 , HNO,). 
or may be reduced, forming a manganous 
salt (e.g. warm hydrochloric acid gives 
chlorine and MnCl,). 

Manganese dioxide, MnO„ is found in 
nature as pyrolusite and |K»lianitc. Botli 
forms have the same tetragonal structure, 
isomorplious with rutile (q.v.), a = 4-40, 
c = 2-87 a. Artificially it cannot be ob¬ 
tained by dehydration of the precipitated 
oxide, but can be prepared by cautious 
ignition of manganous nitrate as a black 
amorphous powder. When heated in air it 
begins to lose oxygen at 530’. With cold 
hydrochloric acid it gives a brown solution 
containing higher chlorides, but on wanning, 
chlorine is evolved and MnCL formed. W it It 
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sulphuric acid at ordinary temperatures it 
yields manganic sulphate and oxygen, but » 
at higher temperatures more oxygen is 
liberated and manganous sulphate is formed. 
With sulphurous acid the chief product is 
manganous dithionatc. Finely divided man- 
gunesc dioxide is a powerful catalyst in 
many reactions: the decomposition of 
potassium chlorate, hydrogen peroxide, and 
various per-ncids, and the oxidation of 
hydrogen and carbon monoxide. It is used 
for imparting an amethyst tint to gloss, or 
in smaller amounts to neutralize the yellow 
tint produced by iron, and also as depolarizer 
in dry cells of the I.cclauch6 type. 

Manganese heploxide, or permanganic 
anhydride, Mn,0„ is formed when potas¬ 
sium permanganate dissolves in cold sul¬ 
phuric acid containing a little water; it 
separates out as dark oily drops. With 
moist air it gives violet fumes of perman¬ 
ganic acid, but is fuirly stable in dry air 
in the cold, although it may explode on 
warming. It violently attacks organic 
matter, and a little water causes violent 
decomposition, liberating ozonized oxygen, 
but if dropped into excess of water it forms 
a violet solution of permanganic acid. 

Manganese phosphates. Manganous ortho¬ 
phosphate, Mn,(P0 4 )|, 711,0, is precipitated 
from solutions of manganous salts by excess 
of Na,HP0 4 . Lower hydrates and the 
anhydrous salt arc also known. By treating 
it with phosphoric acid, MnIH*0 4 , 311,0 and 
Mn(H,PO,)„ 211,0 have been obtained ; the 
latter is decomposed by water into free 
acid and the secondary phosphate. Various 
metaphosphates arc also known. 

Double phosphates of the type M'MnPO, 
arc well-defined crystalline substances, and 
the ammonium salt, NII 4 MnI*0 4 , 11,0, is 
quantitatively precipitated by addition of 
ammonia to a solution of a manganous 
salt, ammonium chloride, and sodium 
phosphate, and affords a very good method 
for estimating manganese. It is ignited to 
pyrophosphate. 

Manganic orthophosphate, MnPO,, 2H,0 
is formed as a green precipitate by the 
interaction of KMnO, and MnSO, at 100’ 
in presence of phosphoric and glacial acetic 
acids. It is very insoluble, but dissolves in 
cone. II,S0 4 or H,P0 4 , forming a violet 
solution of the complex acid, 

H 3 [Mn(P0 4 ),]. 

This has been isolated as reddish crystals, 
and some salts arc known. Some insoluble 
meta- and pyro-phosphates have been 
described. 

Manganese sulphates, MnS0 4 , Mn,(S0 4 ),, 
and Mn(SQ 4 ), arc all known. 


Manganous sulphate, MnSO t , usually 
crystallizes as the pcntahydmtc 
MnSO„ 511,0. 

triclinic, isomorphous with CuS0 4 . 511,0. 
Below O’ a hc-ptahydrutc, and nt higher 
temperatures tetra-. tri-, and mono-hydrates 
arc stable. The anhydrous salt may be 
obtained by dehydrating the hydrates, 
a temperature above 250" being necessary 
to expel the last molecule of water, and the 
salt may be heated to its M.P. (700") without 
decomposition. It is readily soluble in 
water—100 g. dissolve 53-2 g. at 0° and 
028 g. at 20". Al>ovc 27° the mono- 
hydrate is the stable solid phase and the 
solubility decreases with rising temperature. 

Manganic sulphate, Mn,(S0 4 ),, may be 
obtained in solution by heating precipitated 
manganese dioxide with sulphuric acid to 
110°, or by electrolytic oxidation of solu¬ 
tions of manganous sulphate in presence of 
an excess of sulphuric acid. It has been 
isolated as a green deliquescent mass, which 
with a little water forms a violet solution, 
but is decomposed on dilution. It forms 
a series of alums ( q.v .). 

Manganese disulphate, Mn(S0 4 )„ is formed 
by oxidation of solutions of manganous 
sulphate in sulphuric ncid, either by means 
of lead dioxide at 50° or electrolyticnlly. A 
deep brown solution is obtained which on 
cooling deposits black crystals of Mn(S0 4 ),. 
These arc stable in presence of 50 % 
II,S() 4 ; water or more dilute acid causes 
hydrolysis. Above 80° it decomposes to 
Mn,(S0 4 ), and oxygen. 

Manganese sulphides. MnS, Mn 3 S 4 , and 
MnS, arc known. 

Manganous sulphide, MnS, when prepared 
in the dry way, forms dark green or black 
cubes or octahedra. In the wet way it is 
precipitated from alkaline solution in 
various forms, a pink and a green form 
being the best known, although other 
varieties have been described. The exact 
conditions which lead to the precipitation 
of the green form have been much investi¬ 
gated, but arc not yet fully understood ; the 
pink form is usually precipitated and then 
usually changes to the green on boiling or 
sometimes on standing. The reverse change 
never occurs, so that the green is the stable 
form. Manganous sulphide has a relatively 
high solubility, of the order of 10 -* mol/litre, 
and so cannot be precipitated in presence 
of even the weakest acids. It is very easily 
oxidized and after drying in vacuo may be 
pyrophoric. 

* Mn s S 4 and MnS, may be obtained by 
dry methods; they are decomposed by 
water. 
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Manganin 

Manganin is nn alloy used for electrical 
resistance wire, particularly for accurate 
standards for resistance measurement. 
Typical samples contain copper 06 /o. 
manganese 1-7 %, nickel 2 5 %, zinc 39 %, 
tin 2-7 %, aluminium 0 2 % ; or Cu 70 / 0 , 
Mn 25 %, Ni 5 % 5 or Cu 82 80 Mn 
4-15 %, Ni 2-12 %. 

Manganites are compounds of manganese 
dioxide, acting as an acidic oxide, with 
other oxides. A number of minerals contain 
MnO. combined with varying proportions 
of BaO, CaO, MgO. etc., and similar products 
may be obtained artificially by igniting 
manganese salts with basic oxides in air, 
and formula* such as CaO, nMnO, where 
n *=» 1, 2, 3, or 5, have been assigned to them. 
Similar hydrated products have been ob¬ 
tained by a variety of wet methods, and 
whenever hydrated manganese dioxide is 
precipitated in presence of salts of the 
alkalis or alkaline earths the precipitate 
contains some of the corresponding oxide 
too firmly combined to be removed by 
washing. Simple stoichciomctric formula; 
cannot usually be assigned to these com¬ 
pounds, which arc amorphous precipitates 
having essentially the properties of hydrated 
manganese dioxide. A hydrated calcium 
manganitc plays un important part in the 
Weldon process for manufacturing chlorine, 
as " Weldon mud." 

Mannans arc polysaccharides made up of 
a chain of mannose units. The best-known 
is mannan A from the endosperm of the 
ivory nut which is used for making buttons, 
etc. It consists of a chain of some 80 man- 
nopyranosc units joined through carbons 
1 and 4. The mannan of salep which differs 
in being fairly soluble in water is assigned 
a chain length of 60 units. Another 
mannan which is the product of the action 
of a mould PenicUlium Charlesii on glucose 
solution consists of only 9 units joined 
through carbons 1 and 6. Yet another 
mannan which is present in veast gum is 
thought to be more complex in structure, 
consisting of an a-mannopyranosc chain 
joined through carbons 1 and 0 to which is 
attached a mannose unit as side chain to 
carbon 2 of every alternate residue. There 
is thus great diversity in the composition 
of these mannans. 

Manninotriose, C„H, t O u , is glucose galac¬ 
tose galactosidc. Found in ash manna, it 
has M.P. 150°, [<x] D + 167°. 

Mannitol, C,H 14 0 # . 


The alcohol of mannose is widely dis¬ 
tributed. particularly in fungi where it 
often exceeds glucose in quantity. « is 
present in silage. It forms colourless 
rhombic prisms, M.P. 166*. and is optically 
inactive. .. , , 

D-Mannose. C,H lt O„ is obtained by hydro¬ 
lysis of mannans, a convenient source being 
the vegetable ivory nut. The 
form forms rhombic crystals, M.I. » 

fain - 17°, the a-form has + 35° and the 
solution + 14-6°. The structural formula is 
ii ii on on 

CH.OH • i • i • l • i • Clio 

on dun n 

The aggregation of neighbouring hydroxyls 
on the same side of the carbon chain gives 
special properties to mannose. In particular, 
the phenyl hydrazone is sparingly soluble in 
water; it has M.P. 100". 

Marcasite. FeS t . A fairly common 
mineral, orthorhombic, 

n: b : c - 0-700 : 1 : 1 * 234 . 

Hardness 0. sp. gr. 4 8. A pale brass- 
yellow colour with a metallic lustre; it 
sometimes occurs as twinned octailedra 
called cockscomb pyrites, or spear pyrites. 

Marcet. Alexander (1770-1822). A Swiss 
physician and chemist, Marcet was ail- 
pointed lecturer in chemistry at Guy's 
Hospital. London. In addition to numerous 
physiological researches lie studied certain 
chemical problems, particularly the proper¬ 
ties of carbon disulphide. 

Marfanil, homosulphanilamide, p-amino- 
methylbenzenesulphonamide, C^IIjoOjNjS. 
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Slightly soluble in water, very soluble in 
acids ami alkalis. Marfanil differs from 
the sulphonamides proper in that t lie- 
amino group is separated from the benzene 
ring. It is not effective when taken in¬ 
ternally but has been used extensively for 
its bacteriostatic property in the local 
treatment of wounds. It is not inhibited by 
p-aininobenzoic acid. Sec Sulphonamides 
Margaric acid, n - Heptadecylic acid^ 
CH, • [CH,1, 5 • COOH. 

Margaric acid, like all other higher fatty 
acids with an odd number of carbon atoms, 
does not occur naturally, but it has been 
prepared synthetically. It does not occur 
in margarine. Daturic acid, present in 
Datura oil, was once believed to be n-hepta¬ 
decylic acid, but has been shown not to be 
a pure compound. 


Marggraf 326 

Marggraf, Andrew Sigismund, was 
born in Berlin in 1700, and became 
famous as an analyst. He was the first 
to distinguish between lime and alumina, 
and between potash and soda. He worked 
at phosphoric acid and showed the simi¬ 
larity between gypsum, heavy-spar, and 
potassium sulphate. He died in 1782. 
See Thomson’s “ History,” I, p. 271. 

Marignac, Jean Charles Galissard de. He 
was born in 1817 at Geneva and in 1833 
went to Paris and studied chemistry there 
until 1830 ; he studied under Liebig at 
Giessen in 1840 and 1841 and then took 
u post in the porcelain manufactory at 
Sfcvres, after which he returned to Geneva 
and became professor of chemistry and 
mineralogy. He worked successfully on 
the rare earths and discovered gadolinia 
and samaria ; he died in 1804. See 
“ Chem. Soc. Memorial Lectures, 1803- 
1000 .” 

Markownikoff’s rule states that in the 
addition of hydrogen halides to an cthylenic 
double bond, the halogen nttaches itself to 
the carbon atom united to the smaller 
number of hydrogen atoms. The rule may 
generally be relied on to predict the major 
product of such an addition ; in some cases 
some of the alternative compound is formed. 
The rule sometimes breaks down if traces 
of peroxides are present. No entirely satis¬ 
factory explanation of the rule has been 
proposed. 

Marsh gas. Sec Methane. 

Marsh’s test for arsenic. The principle of 
this test is that if an arsenic compound is 
added to a vessel in which nascent hydrogen 
is being liberated (by the action of sul¬ 
phuric acid on zinc, by electrolysis, or by 
other methods), arsine is given off. This is 
decomposed by passing through a hot tube, 
and gives a brown mirror of metallic arsenic 
beyond the heated portion. By comparison 
with standard mirrors, made using a known 
quantity of arsenic, a quantitative estima¬ 
tion may be made. The stain is soluble in 
sodium hypochlorite, a distinction from 
antimony which otherwise behaves simi¬ 
larly. 

Martensite. The name given to the fine 
interlacing nccdle-likc structure obtained 
when steel is very rapidly quenched from a 
temperature above the critical point. This 
steel is in its hardest possible condition, and 
will scratch glass. It is, however, brittle, 
and has practically no ductility. The actual 
composition of martensite is not definitely 
known, but it has been suggested that it is 
a supersaturated solution of iron carbide in 
a-iron. 


Masson 

Martins yellow (Manchester yellow). This 
nitro-dyc is the sodium, 
calcium, or ammonium salt 
of dinitro-x-naphthol; it is 
prepared by the nitration 
of l-naphthol-2: 4-disul- 
phonic acid. Formerly 
largely used for the dyeing 
of wool, it is now em¬ 
ployed os a pigment colour 
and for colouring soap. It is poisonous. 
It sublimes off the fibre very easily. 

Martonite is a mixture consisting of about 
80 % inonobromoacctone and 20 % mono- 
chloroacctone. It is manufactured by 
treating aqueous acetone with bromine, 
sodium chlorate, and sulphuric acid. Used 
as a tear gas. 

Mass action. Law of. Guldbcrg and 
Waage (1804) stated that the rate at which 
a substance reacts is proportional to its 
active mass (concentration), and hence the 
velocity of a chemical reaction is propor¬ 
tional to the products of the concentrations 
of the reactants. Thus, in the reaction 
A + B ^ C + I), 

the velocity of the forward reaction is 
V/ - *,[A)[B], 

where k l is a constant, and the squurc 
brackets denote concentrations. Similarly, 
for the backward reaction, 

V, - *,(C][D). 

At equilibrium, 

V * v 

or *«IA]IPJ-*tlC][D], 

The constants A, and Ac, arc called velocity 
constants, and K is called the equilibrium 
constant. 

Massicot. See Lead monoxide. 

Masson, Sir David Orme (1858-1037). 
Bom in London, Masson was educated at the 
Academy and the University, Edinburgh. 
From 1886 till 1023 he was professor of 
chemistry at Melbourne University. He 
was elected F.R.S. in 1003, created C.B.E. 
in 1018, and knighted in 1023. Sec J. 
Chem. Soc., 1038, 508. 

Masson, James Irvine Orme (1887- ). 

Bom at Melbourne, the son of Sir D. O. 
Masson, Masson was educated at Melbourne 
and Edinburgh Universities. He was ap¬ 
pointed reader in chemistry. University 
College, London (1012), and professor of 
chemistry and Head of the Department of 
Pure Science, University of Durham in 
1024. In 1038 he became Vice-Chancellor 
of the University of Sheffield. Masson is 
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author of numerous papers on physical and 
inorganic chemistry. 

Mass-spectrograph. This is a refined 
modification of the parabola method of 
positive-ray analysis, by means of which the 
masses of ions may be compared to an 
accuracy of about 1 part in 20,000. By its 
aid, Aston has provided most of the in¬ 
formation which is known concerning 
isotopes. 

Mass spectrum. The photographic re¬ 
cords obtained by means of the mass 
spectrograph are termed mass spectra. 
The individual lines in the mass spectrum 
of an element arc due to its isotopes. 

Masurium, Ma. The occurrence of the 
element of atomic number 43 in concentrates 
from platinum ores and other minerals was 
reported in 1925 by Noddack. Tackc, and 
Berg on the basis of the examination of X- 
ray spectra. They gave the new clement 
the name of masurium. This work has 
never been confirmed. In 1937, Perrier 
and Scgrfc showed that radioactive isotopes 
of element 43 could be formed by bom¬ 
bardment of molybdenum. The clement 
has also been found umong the fission 
products of uranium and the name tech¬ 
netium (Tc) has been suggested for it. See 
Nature , 1947. 159, 24. 

Matlockite. See Lead chlorides. 

Matte. The name given to the indefinite 
mixture of artificial sulphides produced by 
a smelting operation. 

Mauvine, or Perkin’s Mauve, was the 
first synthetic dye to be prepared (Perkin, 
1854). It has the formula 



and was originally produced by the oxidation 
of impure aniline; it is better obtained, 
however, by the oxidation of diphcnyl-m- 
phcnylencdiamine with p-phcnylenediamine 
in acid solution. 

Maxwell, James Clerk (1831-1879). Bom 
at Edinburgh, Maxwell was educated at the 
Academy there and at the Universities of 
Edinburgh and Cambridge. He was pro¬ 
fessor of natural philosophy, Aberdeen 
(1850-1860), and professor of physics and 
astronomy, King’s College, London (1860- 
1868). In 1871, after three years’ retire¬ 
ment, he was appointed the first professor 
of experimental physics at Cambridge. His 
main researches were in the field of elec¬ 
tricity, where he put the ideas of Faraday 


on a mathematical basis. He also developed 
the kinetic theory of gases. In 1860 he 
was awarded the Rumford Medal, and later 
was elected F.R.S. 

Mayow, John, was born in Corn¬ 
wall in 1645 and practised as a phy¬ 
sician. He was one of the first to recognize 
that a constituent of the air was concerned 
in combustion, the calcination of metals, 
and respiration. He found, or had learned, 
that the same constituent was contained 
in saltpetre. He died in 1679. 

McCollum, Elmer Verner (1879- ). 

Born near Fort Scott, Kansas, McCollum 
was educated at Kansas and Yale Univer¬ 
sities. Joining the staff of the University 
of Wisconsin in 1907 as an instructor in 
agricultural chemistry, he attained profes¬ 
sorial rank in 1913. In 1917 he left to 
become professor of biochemistry at the 
Johns Hopkins University. His chief re¬ 
searches have dealt with nutrition. 

McCoy, Herbert Newby (1870- ). Born 

at Richmond, Indiana, McCoy was educated 
at Purdue University and at the University 
of Chicago, whose staff he joined in 1901, 
becoming professor of chemistry in 1911. 

In 1917 he left the university to associate 
himself with the Carnotitc Reduction Co. 
and the Lindsay Light Co., of which he is 
now Vice-President and Director of Re¬ 
search. A pioneer in numerous discoveries, 
McCoy has closely studied the radioactive 
elements, and was awarded the Willard 
Gibbs Medal in 1937. 

McMurtrie, William (1851 - 1913). 
McMurtric was born near Belviderc, New 
Jersey, and educated at Lafayette College. 
Entering the Department of Agriculture, 
he became Chief Chemist, resigning in 1877 
to make an extensive study of the beet and 
wine industries of France. Returning to 
America, he became professor of chemistry 
at the University of Illinois, and in 1888 
went as consulting chemist to the Royal 
Baking Powder Co., of which he later 
became Vice-President. His chief work 
dealt with the sugar-beet industry and the 
structure of fibres. He was President ol 
the American Chemical Society in 1900. 

McPherson, William (1864- ). Born 

at Xenia, Ohio, McPherson studied at the 
Ohio State University and at the University 
of Chicago. He joined the staff of the 
Ohio State University in 1892, becoming 
professor of chemistrv in 1897, and dean of 
the Graduate School in 1911. He was 
President of the American Chemical Society 
in 1930. 

Mean free path. The average distance 
traversed by a molecule between one col¬ 
lision and the next is called the mean free 
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path of the molecule. At N.T.P., hydrogen 
molecules have a mean free path of 
1-8 x 10"® cm., nitrogen molecules 0-5 x 10-® 
cm., and carbon dioxide 6-3 X 10-* cm. 

Mechanical continuous thickeners. 
Thickeners of this type consist essentially 
of a tank, usually circular, the area of which 
depends upon the quantity of slurry to be 
treated and the depth of which depends 
upon the solid content required for the final 
sludge. The base of the tank is slightly 
concave and is swept by slowly revolving 
rakes operated by a central shaft which 
draw the settled solids to the central dis¬ 
charge point. The slurry enters at the 
centre of the tank through a partially sub¬ 
merged feed-well und clear effluent overflows 
into a peripheral trough. The rakes with 
which such thickeners arc fitted serve not 
only to discharge the sludge but also to 
consolidate it and inercuse the solid content. 

The chief machines of this type arc the 
Dorr and Hardingc thickeners. 

Mechanism of a reaction. The manner 
in which a reaction proceeds is termed the 
mechanism of the reaction, and may be 
expressed in a series of chemical equations. 
Thus, the mechanism of the reaction be¬ 
tween hydrogen and bromine which yields 
hydrogen bromide may be represented by 
the following equations: 

Hr, - 2Br 

Br + H, - HBr + II 
II + Br, - HBr + Br 
II + HBr « II, + Br 
Br + Br - Br,. 

Medicinal paraffin oil. A highly refined 
mineral oil obtained from spindle oil by 
repeated refining with oleum followed by 
alcoholic caustic soda and passage through 
decolorizing earth and filtration ns re¬ 
quired. The product must be completely 
water-white, odourless, and tasteless. 

Also known as liquid paraffin. 

Medina). A trade name for the sodium 
salt of barbitone. 

Mees, Charles Edward Kenneth (1882- 
). Mees was born at Wellingborough, 
Northamptonshire, and educated at Univer¬ 
sity College, I.ondon. After being manag¬ 
ing director of Wrattcn & Wainwright Ltd., 
he went to America in 1912 as director of 
the Research Laboratory of the Eastman 
Kodak Co., of which he has since become 
a Vice-President. Mees is the author of 
several books, and has been awarded 
numerous medals for his researches on 
photography. 

Meisenheimer, Jakob (1870-1934). Born 
at Gricshcim of peasant stock, Meisen- 
heimer was educated at the Universities of 


Heidelberg and Munich. In 1909 he was 
appointed professor of chemistry and 
Director of the Institute, Berlin. He 
served throughout the Great War with the 
Gardc-Rcservc-Kor|>s and, in 1918, became 
professor of chemistry at Greifswald ; in 
1922 he was appointed Director of the 
Chemistry* Institute, University of Tubingen. 
His scientific investigations covered a wide 
field, but most notable were his brilliant 
researches on thcstereochemistry of nitrogen. 
Sec J. Chem. 6*oc., 1935, p. 1355. 

Melamine, C,H,N,. 

/ N \ 

I I,N—C C'—Nil, 

k A 

v/ 

An, 

Crystallizes in colourless inonoclinic prisms, 
M.P. 354®. Solubility 0 5 % in cold water, 
5 % in hot water. Sparingly soluble in 
alcohol, insoluble in ether and inert sol¬ 
vents. It is manufactured by heating 

,NII 

dicyandiamide, H,N . C x cither 

\NII . CN, 

nlonc or in presence of ammonia or other 
alkulis in various organic solvents. Mel¬ 
amine is an important material in the 
plastics industry. Condensed with formal¬ 
dehyde and other substances it gives pro¬ 
ducts that arc remarkably stable to heat and 
light. Sec Ind. Eng. Chem., 1940, 32, 1181. 

Melanin. The name melanin has been 
applied loosely to almost any black pigment 
found in body tissues or formed from tissues 
by any biochemical operations. It is the 
name given to the dark pigment of hair, of 
the retina, of the skin of dark races, and of 
the layer of protective sunburn in fair 
races. Many of these mclanins contain 
sulphur, which is absent from the melanin 
formed by the action of the enzyme tyro¬ 
sinase on tyrosine. This is a colloidal 
amorphous substance which is a polymer 
of the possible formula: (C,H 6 0 3 N)„ or 
(C t H,0,N) n ; it contains many indole 
groups and probably quinonoid rings. 

Meldola, Raphael (1849-1915). Born in 
London, Meldola was educated at the 
Royal College of Chemistry. About 1876 
he joined the Atlas Colour Works, where 
he carried out important researches on 
dyestuffs, including the discovery of the 
first oxazine dyestuff, “ Mcldola’s blue.” 
In 1885 he became professor of chemistry 
at Finsbury Technical College and retained 
this position until his death. In 1913 he 
was awarded the Davy Medal of the Roya 
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Society, of which he had been a Fellow 
since 1880. He was President of the 
Chemieal Society (1005-7). of the Society 
of Dyers and Colounsts (1907-10). of the 
Society of Chemical Industry (1908-9), 
and of the Institute of Chemistry (1912-15). 

Melibiose, C„H tt O n . is a mixed disac¬ 
charide glucose-6-a-galactoside. Together 
with fructose it is obtained by the hydrolysis 
of raffinosc. It crystallizes with difficulty 
and has [<x]„ + 143“. Like other sugars, it 
has two pyranose forms. 

Melicitose. C w H M O u , is a remarkable 
trisaccharide found in the sweet exudations 
of the bark and leaves of many kinds of 
plant. It is made up of glucose joined to 
two galactose units. The hydrate forms 
rhombic plates or rods. M.P. 153°, 
[<x) D + 88-5°. 

Melissic acid, CjjH.jO,, 

CH, • [CH|] n • COOH. 

A fatty acid occurring in bees’ wax. M.P. 
00 °. soluble in benzene and hot alcohol. 

Melissyl alcohol, Myricyl alcohol 
C #l H..O. CH, • (CH,),, • CH,OH. 
Colourless crystals. M.P. 87°, soluble in 
orgunic solvents. It is present as melissyl 
palmitntc in bees’ wax. 

Meffitic acid, C n H,O lt . 

COOH 

hooc/Ncooii 


HOOC 



OOII 


OOII 


Colourless needles, M.P. 286°-288° (closed 
tube). Readily soluble in water, alcohol, 
and ether. When heated it decomposes 
into pyromcllitic anhydride, water, and 
carbon dioxide. 

Occurs as aluminium salt (honeystone) 
in some lignite beds. Prepared by oxida¬ 
tion of charcoal with concentrated nitric acid. 

It condenses with resorcinol and amino- 
phenols to give phthalein and rhodaminc 
dyestufTs respectively. 

Melsens, Louis Henri Frederic (1814-1886). 
Melsens was professor of chemistry at the 
Ecole de MCddcine WtCrinairc de 1’Etat, 
Brussels. An organic chemist, he investi¬ 
gated the action of amalgams upon chlorin¬ 
ated acids. 

Melting-point. The temperature at 
which a solid changes into the liquid state, 
at a given pressure, is called the melting- 
point. Pure solids usually melt completely 
at a definite temperature. They are said 
to have sharp melting-points. Mixtures 
usually melt over a range of temperature, 
and have not, therefore, a sharp or definite 
melting-point. 


Membrane equilibrium. If a colloidal 
electrolyte (q.v.) consisting of giant colloidal 
ions and simple gegenions is separated 
from a salt solution by a membrane, the 
giant ion will be retained within the 
membrane; the gegenions will tend to 
diffuse out. On the other hand, some of 
the external electrolyte ions will penetrate 
within the dialyser. The resulting equili¬ 
brium is termed the Donnan or membrane 
equilibrium. The unequal electrolyte dis¬ 
tribution gives rise to a difference of 
osmotic pressure and a potential difference 
across the membrane. Reference: Bolam, 

“ The Donnan Equilibrium.” Sec also 
Colloid, Colloidal electrolyte. Micelle, Mem¬ 
brane hydrolysis. 

Membrane hydrolysis. When a colloidal 
electrolyte (q.v.), consisting, e.g., of giant 
anions and normal cations, is separated by 
a membrane from pure water, the cations 
arc able to diffuse out but the colloidal 
anions are retained. For each positive ion 
which penetrates the membrane, a molecule 
of water will dissociate to provide u com¬ 
pensating OH - ion, the corresponding ID ion 
tending to diffuse through the membrane 
to replace the original cation of the colloidal 
electrolyte. The liquid inside the dialyser 
thus becomes acid, that outside the dialyser 
alkaline. This process is termed membrane 
hydrolysis. Sec also Colloid, Colloidal elec¬ 
trolyte, Membrane equilibrium. 

Mendel, Lafayette Benedict (1872-1935). 
Born at Delhi, New York, Mendel studied 
at Yale, and later at Breslau and Freiburg. 
Commencing as an assistant in physio¬ 
logical chemistry at the Sheffield Scientific 
School, Yale, he became assistant professor 
in 1897, and professor in 1903. From 1921 
until his death he was Sterling professor of 
physiological chemistry in Yale University. 
In addition to original work on the vitamins, 
Mendel’s researches included investigations 
on the chemistry of digestion, protein 
metabolism, and the physiology of growth. 
He was awarded the Conn6 Medal in 1934. 

Mendeleefl. Dmitri Ivanovitsch (1834- 
1907). Mendeldcff's interest in natural 
science was early stimulated through 
contact with the exiled Decembrists at 
Tobolsk in Siberia, his birthplace. Later he 
studied at the Central Pedagogic Institute, 
St. Petersburg (Leningrad). After a period 
in Paris and Heidelberg he returned to 
St. Petersburg as professor of chemistry at 
the Technological Institute, and later at the 
University. In 1893 he was appointed 
Director of the Bureau of Weights and 
Measures. He carried out many important 
investigations into the properties of solu¬ 
tions, but it is with the Periodic Classification 
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of the Elements that his name will always be 
associated. Sec Mem. Lcct., J. Chem. Soc., 
1900. p. 2077. 

Mendipite. Sec Lead chlorides. 

Menshutkin, Nicolai Alexandrovitsch (1842- 
1007). Born at St. Petersburg, Menshutkin 
was educated at the Gymnasium and the 
University there before proceeding to study 
at Tubingen, Paris, and Marburg. In 1800 
he was appointed professor of chemistry at 
the University of St. Peters¬ 
burg and, in 1002, he was < 

transferred to the new Poly- J.,. 

technic Institute in the district /v 
of Sosnowka. Ilis main re- h,C CII 
searches were on the synthesis | 
and properties of the ureides H,C ( II 
and studies of velocity of rc- V/ 
action. Sec J. Chem. Soc., CH 

1011, p. 1000. J. 

l-A* : •‘•'-p-Menthadiene, \ 

C, 0 II„. An optically active u (• cjj 
monocyclic tcrpcnc found in 3 
chcnopodiuin oil. It forms a crystalline 
tetrabromide of M.P. 117°. 

Menthol, C^HjoO. An optically active 
monocyclic terpene alcohol; 

/-menthol is a constituent ''*** 

of peppermint oils, which ^ 

arc obtained from various 
vnricticsof Mentha piperita. jj,C CII, 

In Japanese peppermint oil 
a small quantity of the iso- H,C CHOU 
meric liquid, d-neomcnthol, \/ 
is also present. /-Menthol CII 

is a solid which crystallizes L 

in four different forms. 

The ordinary a-form con- jj £ 
sists of broad needles, 
which arc dextrorotatory, whilst when 
molten or in solution /-menthol is Ucvorota- 
tory. The constants of /-menthol are: 
M.P. 43°, B.P. 210°/760 mm., dJJ 0-9W, 
ng» 1-4G09G, [a] D -49 44°. It forms a 
crystalline phenylurcthanc of M.P. 112° and 
a hydrogen phtlmlate of M.P. 122°. Menthol 
contains three asymmetric carbon atoms, 
and can therefore occur theoretically in 
4 dextrorotatory, 4 Ircvorotatory, and 4 
racemic forms, most of which have been 
synthesized and studied. /-Menthol and 
its stercoisomerides are obtainable by 
chemical reactions from a large number of 
tcrpcnc derivatives, for example, by the 
reduction of menthone, isomenthone, or 
pipcritonc. /-Menthol can be converted 
into p-cymene and can be oxidized to 
menthone. It is a mild antiseptic and, 
when applied to the skin, produces a sensa¬ 
tion of coldness followed by a feeling of 
numbness. It is chiefly used externally as 
an analgesic in rheumatism and neuralgia, 


for which purpose it is usually dissolved in 
a mixture of other essential oils to form a 
liniment. When combined with camphor, 
eucalyptus oil, and other volatile nntisepties, 
it is used largely for inhalants or sprays for 
nasal catarrh and laryngitis. 

Menthone, C 10 H„O. An optically active 
monocyclic ketone ; / - men¬ 
thone can be obtained by 
oxidizing /-menthol, and occurs I 

in Russian peppermint oil. 

Menthone contains two asym- j[ 
metric carbon atoms, and can 
therefore form 4 optically II,C CO 
active and 2 racemic modi- \/ 
fleations, known as d-, /-, and 
(//-menthone, and </-, /-, and I 

(//•isomenthone. The identity 
of these modifications is still j| ^ £u 
uncertain, but apparently 3 3 

/-menthone is present in peppermint, 
geranium, and pennyroyal oils and l-iso- 
menthone possibly occurs in bucliu leaf oil. 
When /-menthone is dissolved in strong 
sulphuric ncid, and the mixture cooled, it 
is partially converted into d-t.iomcnthonc. 
The following constants of the various 
isomeric menthoncs and isomcnthoncs have 
been recorded: l-Menlhone, M.P. — 7°, 
B.P. 204*/750 mm., (aJ D - 29 00\ Semi- 
enrbazone, M.P. 187’, Oxime, M.P. 50°. 
dl-Mcnthonr, Oxime, M.P. 81®-82°, d-iso- 
Menlhone, B.P. 8G°-87 0 /13 mm. [n] 0 1-01-7°, 
dl isoMcnlhonc, B.P. 00' , -03 ,> /18 mm., Oxime, 
M.P. 09’-100\ 

Mepacrine (trade names atebrin, quina- 
crinc). 

CH, 



It is prepared as the hydrochloride, 

CmHjoON.CI^HCI^H.O, 

which is a bright yellow crystalline powder* 
soluble in about 40 parts of water. It is 
prepared synthetically from p-anisidine, 
acetanilide, /J-diethylaminoethyl alcohol and 
ethylacctoacetate (see Ind. Chem., 1946,137). 
It is widely used as a substitute for quinine 
in-the treatment of malaria, having a toxic 
action both on the schizonts and gameto- 
cytes of tertian and quartan malaria, but 
only on the schizonts in sub-tertian malaria. 
It is no more toxic than quinine and in 
certain respects is more reliable. 
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Merbaphen, is a double compound of 

barbitone and sodium mercurichlorophenyl- 
oxyacetate, C u H u O.N,ClHgNa. It is a 
white crystalline powder soluble in water, 
and is administered by intravenous or 
intramuscular injection as a diuretic It 
acts very rapidly, and is useful in cardiac 
dropsy, but it is more toxic than mersalyl, 
which is used for the same purpose. 

Mercaptals are acetals in which the 
oxVKen atoms have been replaced by 
sulphur atoms. They arc oily liquids with 
unpleasant odours; insoluble in water but 
soluble in alcohol and ether. Formed by 
treating mercaptans with aldehydes or 
ketones in presence of hydrochloric acid or 
zinc chloride. They arc stable compounds 
and arc not decomposed by dilute acids or 
alkalis. They are oxidized to sulphones. 

Mercaptans arc organic compounds con¬ 
taining an —SH group directly united with 
a carbon atom. They may be regarded as 
alcohols in which the oxygen atom has been 
replaced by a sulphur atom. They arc 
liquids with strong and unpleasant odours; 
insoluble in water but soluble in alcohol. 
Found in crude petroleum. Prepared by 
the action of alkyl or aryl halides on 
potassium hydrogen sulphide or by the 
reduction of the chlorides of sulphonic 
acids. They react characteristically with 
mercuric oxide to give crystalline com¬ 
pounds known as mcrcaptides. Oxidized by 
air or mild oxidizing agents to disulphides 
(__S.S—); nitric acid oxidizes them to 
sulphonic acids. React with aldehydes and 
ketones to form mercaptals and mercaptols. 

Mercaptobenzthiazole, C 7 H 4 NS,. 

N 


0/- sH 


An important rubber accelerator. 

Prepared by treatment of thiocarbanilide 
with sulphur, or by heating aniline, carbon 
disulphide, and nitrobenzene. Oxidation 
yields dibenzthiazyl disulphide, which is 
also used as a rubber accelerator. 

Mercer, John (1791-1866). An English 
calico printer, Mercer discovered, in 1844, the 
process for the production of “ mercerized 
cotton ” by treatment with caustic soda. 

Mercorammine compounds. Ammonia gas 
reacts with mercuric chloride, a compound 
HgCl 2 , 2NH 3 , called fusible white precipi¬ 


tate, being obtained. The addition of 
ammonia to a mercuric chloride solution 
gives a white precipitate, known as infusible 
white precipitate, with the formula 

NH„ HgCl. 

The brown precipitate obtained by the 
action of ammonia on Nessler’s reagent is of 
the same kind, perhaps 

NH, Hg O • Hg • I. 

Mercuric oxide on warming with aqueous 
ammonia, gives a yellow powder, known 
as Millon’s base, of possible structure 
NHg, • OH, 2H t O. 

On drying at 125° in ammonia gas, the dark 
brown explosive compound NHg 2 OH is 
formed. 

The structure of these compounds has 
not so far been finally settled, probably 
because they arc not such well-defined 
crystalline materials as, for example, the 
cobal tarn mines. Only mercuric salts form 
ammines ; mercurous compounds arc decom¬ 
posed by ammonia into mercuric compounds 
and mercury. 

Mercurochrome, 

C M H,0 4 Br 4 • HgOlI • Na t , 
is a sodium mercury compound of dibroino- 
fluoresccin. It is soluble in water, forming 
a highly fluorescent red solution which is 
used as a non-irritant antiseptic, and as a 
urethral injection for gonorrhoea. It is 
also injected intravenously for the latter 
complaint and for septicaemia. 

Mercury, Hg. At. no. 80, At. wt. 
200 61. M.P. - 38 9°, B.P. 350 9°, D 0 = 
13-5955. Solid mercury has a simple 
rhombohcdral structure, a = 2-999 a., a = 
70* 31-7' at — 40°. The most important 
source of mercury is cinnabar, mercuric 
sulphide, IlgS, a red or black mineral found 
in Spain, Italy, and to a smaller extent in 
Peru, California, Mexico, China, and Japan. 
In the extraction of the inctal the cinnabar 
is roasted in a current of air, free mercury 
and sulphur dioxide being formed. 

Mercury is a liquid metal with a silver- 
white colour. The vapour density corre¬ 
sponds to the monatomic formula Ilg. It 
is not very readily oxidized, slow oxidation 
taking place at 300°. The inetal is un¬ 
attached by dilute hydrochloric and sul¬ 
phuric acids, but dissolves in dilute nitric 
and hot concentrated sulphuric acids. It 
is insoluble in alkalis. 

Mercury amalgams. Mercury dissolves 
many metals, forming amalgams, which, 
when more than a certain amount of metal 
is present, arc solid. Those of potassium 
and sodium are definite compounds, e.g. 
NaHg., KHg.. Gold, silver, copper, lead. 
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etc., arc dissolved by the mercury. Copper 
and cadmium amalgams are used to some 
extent as dental stoppings. Cadmium 
amalgam is used as the cathode in the 
Weston standard cell. 

Mercury (Mercuric) ammonium chloride, 
or white precipitate, NH, • HgCI, is an 
insoluble white powder prepared by pre¬ 
cipitating a solution of mercuric chloride 
with ammonia. It is used chiefly in the 
form of an ointment for pruritis and certain 
skin diseases, and for pediculosis. 

Mercury chlorides, Mercuric chloride, 
IIgCI 2 . M.P. 277°, B.P. 302°, D - 5 41. 
Mercuric chloride is formed directly from 
the elements, the reaction taking place in 
the cold with dry chlorine. It is also 
formed by dissolving mercury or mercurous 
chloride in aqua regia. It crystallizes 
from solution in sparingly soluble, colourless 
rhombic needles. In aqueous solutions the 
salt is only slightly ionized. Mercuric 
chloride dissolves in concentrated hydro¬ 
chloric acid ; the solution contains complex 
ions, IIgCI 4 " and HgCI* ; on cooling crystals 
of hydrochloromereuric acid, HgCI,, are 
obtained. It is readily soluble in alcohol 
and ether. The aqueous solutions arc readily 
reduced, and a white precipitate of mercur¬ 
ous chloride is thrown down. 

Mercuric chloride, or corrosive sublimate, 
is a powerful antiseptic even in very dilute 
solution. 

Mercurous chloride , HgCI, is prepared by 
precipitating a solution of mercurous nitrate 
with hydrochloric acid, or by subliming 
mercuric chloride with mercury. It is only 
sparingly soluble in water (0-4 mgm. per 
litre at 20°). It is somewhat more soluble 
in solutions of chlorides or concentrated 
hydrochloric acid ; complexes arc formed 
in solution, giving the ions HgCI,' and 
HgCI/. 

During recent years it has found use in 
agriculture as an insecticide. It is also 
used, under the name of calomel, in small 
doses as a purgative. 

Mercury compounds. Mercury* forms two 
series of compounds, the mercurous com¬ 
pounds, HgX or HgjXj, and the mercuric 
compounds, HgX 2 . These give the char¬ 
acteristic tests for mercurous, Hg t **, and 
mercuric, Ilg**, ions, respectively. 

Mercury (Mercuric) cyanide, Hg(CN) t , 
and mercuric oxycyanide, HgO • 3Hg(CN)„ 
arc used internally for syphilis, and extern¬ 
ally in dilute aqueous solutions as antiseptic 
lotions for the eye, wound treatment, and 
bladder irrigation. These compounds arc 
not ionized in simple solution, but become 
ionized in contact with the sodium chloride 
in the body fluids. 


Mercury (Mercuric) fulminate, Hg(CNO) 2 . 
Formed as a white precipitate by warming 
a solution of mercury in excess nitric acid 
with ethyl alcohol. It is used in making 
detonators, but has been largely replaced 
by lead azide and other compounds. 

Mercury (Mercuric) iodide, Ilgl,. It is 
formed directly from the elements, and by 
the precipitation of mercuric chloride solu¬ 
tion with the calculated amount of potas¬ 
sium iodide. At ordinary temperatures 
mercuric iodide is a scarlet crystalline sub¬ 
stance ; on heating to 120° a yellow crystal¬ 
line form is produced. The reverse change 
occurs on cooling. It is not very soluble in 
water (0 00 gin. per litre at 25*), but dis¬ 
solves more readily in alcohol. The salt is 
readily soluble in solutions of mercuric 
chloride or potassium iodide. In the second 
case a complex potassium mercuri-iodidc, 
KHgl,, is formed. A solution of potassium 
mercuri-iodidc containing excess caustic 
potash is used as u test for ainmoniu 
(Kessler’s reagent). With traces of am¬ 
monia a brown colour, with larger amounts 
a precipitate of NH 2 Hg 2 OI, is formed. 

Mercury nitrates. Mercuric nitrate, 
Hg(NO,) t . This is formed by dissolving 
mercury in excess concentrated nitric 
acid ; on crystallization, deliquescent colour¬ 
less crystals, 2Hg(NO,) 2 . II 2 0, arc deposited. 
Mercuric nitrate is decomposed by water 
with the formation of a basic nitrate, 
Hg(NO,) 2 , 2HgO, II 2 0; further treatment 
converts this to the oxide. 

Mercurous nitrate, HgNO„ is formed by 
the action of cold dilute nitric acid on 
mercury, and the monohydratc crystallizes 
from the solution on standing. With water 
the crystals give a white precipitate of a 
basic nitrate, which is readily soluble in a 
little nitric acid. 

Mercury oxides, Mercuric oxide, HgO. 
Prepared by the addition of caustic alkali 
to a solution of mercuric nitrate; precipi¬ 
tated from cold solutions as n yellow, from 
hot as an orange, powder. By heating the 
nitrate alone or mixed with mercury to a 
moderate temperature, the crystalline red 
oxide is formed. On strongly heating 
mercuric oxide decomposes into mercury 
and oxygen. 

Mercurous oxide , Hg s O. This is formed 
as a black powder by treating mercurous 
chloride with caustic alkali solution. It 
readily decomposes at 100° or on exposure 
to light into mercuric oxide and mercury. 

Mercury sulphates. Mercuric sulphate, 
HgS0 4 . Formed by dissolving mercury in 
excess hot concentrated sulphuric acid, and 
evaporating to dryness. The white residue 
may be recrystalUzed from sulphuric acid, 
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or from a very little water, when colour¬ 
less crystals of HgS0 4 . H,0 are produced. 
It is readily hydrolysed by water to a basic- 
salt HgS0 4 , 2HgO, called turpeth mineral. 

M Jurats sulphate, Hg,S0 4 . Formed by 
warming an excess of mercury with concen¬ 
trated sulphuric acid, and deposits as a 
crystalline powder on cooling. It is also 
prepared by precipitating mercurous nitrate 
with sulphuric acid. Mercurous sulphate 
is not very soluble in water <0 0 gm. per 
litre at 25°), and is readily hydrolysed to a 
basic salt, Hg,S0 4 , Hg a O, H,°. 

Mercury (Mercuric) sulphide, HgS, occurs 
native as cinnabar. It is formed by tri¬ 
turating mercury and sulphur with a little 
caustic potash solution ; the black sulphide 
produced initially slowly becomes red and 
crystalline. Mercuric sulphide is precipi¬ 
tated by the addition of hydrogen sulphide 
to a mercuric salt solution. The black form 
produced initially becomes red on sublima¬ 
tion. Mercuric sulphide is insoluble in 
dilute hydrochloric or nitric acids, but 
dissolves in aqua regia, or in concentrated 
solutions of potassium or sodium sulphide. 
In the second case thio-sults arc formed, 
c.g. K f HgS„ 5H,0. 

Mersalyl is the sodium salt of sahcyl-(y-hy- 
droxyincrcuri - - methoxypropyl) - amido - 

o-acctic ncid, 

(HgOH)CH, CH(OCH.) • CH, • 

NHCO • C,H 4 0 CH, • COONa. 

It is a white powder, soluble in 1 part of 
water and 3 parts of alcohol. It is pre¬ 
pared by the action of mercuric acetate 
and methyl alcohol on salicylallylamido-o- 
acetic acid. It contains about 40 % by 
weight of mercury and is given by injection 
as a diuretic. 

Mesaconic acid, Methylfumaric acid, 

CH,—C—COOH 
HOOC—i—H 


is a colourless, crystalline solid, M.P. 240-5°. 
Sparingly soluble in cold water; insoluble 
in ether. Prepared by dissolving citra- 
conic acid in ether, adding a solution of 
bromine in chloroform and exposing the 
mixture to strong sunlight. Forms two 
series of mono-esters owing to the un- 
symmctrical molecule. 

Mesitylene, 1:3:5 trimethylbenzene, 
C,H,„ is a colourless 
liquid, D*° 0 8634, B.P. 

164-8°. It occurs in 
crude petroleum. Pre¬ 
pared by adding con¬ 
centrated sulphuric acid 
to cooled acetone, and 
then heating the mixture after it has stood 



for 24 hours. The mesitylene is distilled 
in steam, washed with sodium hydroxide 
solution and distilled. 

Mesityl oxide, Isopropylidene acetone, 

C.H l0 O, 

CH,, 

>C=CHCO. CH, 

CH/ 

is a colourless liquid with a strong pepper- 
mint-like odour, D*° 0-8653, B.P. 128-7°. 
Insoluble in water; miscible with alcohol, 
acetone, and benzene. Prepared by distil¬ 
ling diacetone alcohol in presence of a trace 
of iodine. Converted to phoronc by heating 
with dehydrating agents such as sulphuric 
acid. It is a solvent for cellulose acetate 
and ethylcellulose. 

Mesomerism. A phenomenon encoun¬ 
tered in molecules which may be formulated 
(in the conventional manner) in two or more 
ways that have the same spatial arrange¬ 
ment of the atoms and nearly the same 
potential energy (as, for example, in the 
Kckul* and Dewar formulations of benzene). 
In such cases the actual distribution of 
the electrons which go to make up the 
bonds is a weighted mean of the distribu¬ 
tions corresponding to the various possible 
formula?. There is, however, no tauto- 
mcrism or oscillation between the various 
forms. The electron distribution is evened 
out to correspond with an intermediate 
state. This phenomenon is termed meso¬ 
merism or resonance. It leads to a shorten¬ 
ing of the bond distances and to an increase 
in stability. 

Mesomorphic state. Sec Crystals, liquid. 

Meson, Mesotron. Mesons are sub¬ 
atomic particles with either a positive or 
negative charge, which can most con¬ 
veniently be detected by means of photo¬ 
graphic emulsions. Mesons found in the 
atmosphere at sea level have a mass about 
200 times that of the electron and a life of 
2 millionths of a second. They are second¬ 
ary cosmic ray particles and arc considered 
to be the result of the bombardment of 
atmospheric nuclei with heavier cosmic rays 
from outer space. Heavier mesons, with a 
mass about 320 times that of the electron, 
have been found at greater atmospheric 
heights, and been shown to disintegrate to 
give the lighter mesons. Both heavy and 
light mesons have been artificially produced 
in a cyclotron. 

Mesoporphyrin. See Porphyrins. 

Mesotartaric acid. See Tartaric acids. 

Mesothorium, MsTh. At. no. 88, At. wt. 
228. A radioactive element which is a 
member of the thorium decay series. The 
name is often applied to two elements, 
Mesothorium I and Mesothorium II. The 
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first is produced from thorium by the loss 
of an a-particlc. It undergoes 0- and y-ray 
decay (half-life period 9 67 years) and forms 
Mesothorium II (At. no. 89), which de¬ 
composes with emission of 0- and y-rays 
to form radiothorium (half-life period 8-9 
hours). Mesothorium I is isotopic with 
radium, and Mesothorium II with actinium. 

Mesoxalic acid, Dihydroxymalooic acid, 
Ketomalonic acid, 

COOH COOH 

oj H M 

I HCK I 

COOH COOH 

exists in the free state as the dihydroxy- 
malonic acid, a colourless crystalline sub¬ 
stance, M.P. 121°. Soluble in water and 
alcohol. Prepared by heating alloxan with 
barium hydroxide or dibromomalonic acid 
with silver oxide. The calcium and barium 
salts are sparingly soluble in water. Reacts 
as a ketone towards hydroxylamine and 
phenylhydrazine. Forms esters with alco¬ 
hols. These may be esters of the dihydroxy 
or of the keto-form. The keto esters react 
readily with water to give the dihydroxy- 
esters, while these lose water when heated 
to give the keto esters. 

Messel, Rudolph (1847-1920). Mcsscl was 
bom at Darmstadt. After studying at 
ZOrich, Heidelberg, and Tubingen, he came 
to England in 1870 as private secretary to 
Roscoc, but was recalled to Germany owing 
to the Franco-Pmssian war. After peace 
was concluded he returned to England to 
join I)unn, Squire & Co., of which firm he 
later became managing director. His in¬ 
vestigations on the catalytic process for 
making fuming sulphuric acid were com¬ 
municated to Squire, who patented a process 
of this type in 1875. Mcsscl was elected a 
Fellow of the Royal Society in 1912, and 
was President of the Society of Chemical 
Industry’ in 1911-12 and again in 1914. 

Meta. In the formula for meta-cresol, 
commonly written m-cresol, shown 
herewith, the CH, and OH groups 
arc said to be in the meta position 
to each other. This nomenclature 
is used only for disubstituted de¬ 
rivatives of benzene. The same 
prefix is found in metaphosphoric acid and 
metabisulphites, but in these cases it is 
always written in full. 

For the substance “ meta,” see Mctalde- 
hyde. 

Metabolism. The term metabolism de¬ 
notes all the chemical changes that occur in 
a living animal or plant. The metabolism 
of a substance refers to the changes that 
substance undergoes in an animal or plant. 



Metabolism is often subdivided into ana¬ 
bolism, which refers to those changes in¬ 
volving breakdown of foodstuffs and their 
rebuilding to form body tissues, and catabol¬ 
ism, which refers to the breakdown of tissues. 

Metal. A general term characterizing 
certain elements, c.g. gold, silver, copper, 
mercury, sodium, which have a character¬ 
istic lustrous appearance, which arc good 
conductors of heat and electricity, and enter 
chemical reactions as positive ions, or 
cations. There arc certain elements, such, 
for example, as tellurium, which have the 
physical properties of a metal and the 
chemical properties of a non-metal. The 
distinction between the two groups is not 
sharp. The typical metallic structures arc 
the body-centred cubic, the face-centred 
cubic (cubic close-packed), and the close- 
packed hexagonal structures. The follow¬ 
ing table shows the widespread occurrence 
of these structures. 

Structure. Metal. 


Body-centred Li, No, K, Itb, Cs, Bn, 
cubic 0-Zr, V, Nb, Tn, <x-Cr, 

Mo, a-W, a-Fc. 

Face-ccntrcd Cu, Ag, Au, Ca (below 
cubic (cubic 450°), Sr, Al, /?-La, 

close-packing) 0-TI, Th, Pb, y-Fc, 

0-Co, 0-Ni, Rh, Pd, 
Ir, Pt. 

Hexagonal close- Be, Mg, Ca (above 450°), 
packing Y, a-La, a-Tl, Ti, a-Zr, 

Hf, 0-Cr, Re, a-Co, 

a-Ni, Ru, Os. 


A few metals have more complicated 
structures (noted under the elements con¬ 
cerned) whilst the structures of the semi- 
metals are intermediate between those of 
true metals and homopolar compounds. 
For example, germanium and grey tin 
have the diamond structure; arsenic, 
antimony, and bismuth have layer struc¬ 
tures, and selenium and tellurium have 
hexagonal structures containing chains in 
which each atom has only two near neigh¬ 
bours (compare the twelve equidistant 
neighbours in close-packed structures). 
Equally, certain alloys and compounds 
have all the properties of a metallic element. 

Metaldehyde, (C,H 4 0)„ where n = 4 or 
6. A solid crystalline substance, sublimes 
without melting at 112°-115 # ; stable when 
pure ; it is readily formed when acetalde¬ 
hyde is left in the presence of a catalyst at 
low temperatures. See Thorpe, I, Art. 
Acetaldehyde. 

Metallic conduction. This differs from 
electrolytic conduction in that it is not 
accompanied by decomposition, and is 
ascribed to the movements of electrons, not 
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of ions. Crude obtained a satisfactory ex¬ 
pression for the conductivity of a metal by 
assuming that the electrons could be regarded 
ns if they were gas molecules obeying the 
kinetic laws. Alloys behave like the sum 
of the component metals, unless there are 
solid solutions or compounds formed. 

Metallography is the study of the constitu¬ 
tion and structure of alloys and metals 
including examination, microscopical and 
by other physical means, of the effects of 
various heat and mechanical treatments 
and their effects on the physical and 
chemical properties. 

Metallurgy is the science of extracting 
and working metals and their alloys by the 
application of chemical and physical pnn- 

C> Metamerism. The phenomenon of the 
existence of compounds which have the 
same percentage composition and the same 
molecular weight, but different properties. 
There are, for example, two distinct sub¬ 
stances of the formula (C t H»)|SO, ( which 
have the structures shown below. These 
are inetamcric: 




C,H. 


/OCA 

Or-S/ 

\OC t H 4 


Metaproteins. The most complex of the 
degradation products of proteins. They are 
formed from proteins by the action of acids 
and alkalis at moderate temperatures. 
They arc insoluble in water and neutral 
salt solutions, and soluble in dilute acids 
and alkalis. 

Metastable state. Sec Equilibrium, meta- 
stablc. 

Methacrylic acid, 1-Methylacrylic acid, 
CH.-C—COOH 

^ , crystallizes in colourless 

prisms, D*° 10153, M.P. 15°-16°, B.P. 
160-5°; 72°/14 mm. Soluble in water, 
alcohol, and ether. Manufactured by treat¬ 
ing acetone cyanohydrin with dilute sul¬ 
phuric acid. It is reduced by hydrogen to 
isobutyric acid, and reacts with bromine 
to give 1:2-dibromoisobutyric acid. Poly¬ 
merizes when distilled or when heated with 
hydrochloric acid under pressure to give 
transparent resins. Used in the prepara¬ 
tion of synthetic resins; the methyl and 
ethyl esters form important glass-like resins. 

Methsemoglobin. A compound of h*ma- 
tin and globin, differing from haemoglobin 
in that the iron in the molecule is in the 
trivalent ferric state. It is formed from 
hemoglobin by the action of weak oxidizing 
agents such as potassium ferricyanide, ni¬ 
trites, or methylene blue. On reduction with 
sodium hydrosulphite it gives hemoglobin. 


Methane, Marsh gas, CH t , is a colourless, 
odourless gas. It is the chief constituent 
of the natural gas emitted from the earth 
in various parts of the world. Also formed 
by the decay of vegetable matter in marshy 
places; it occurs in coal mines, where 
explosive mixtures of it with air are known 
as firedamp, and in coal gas. It is manu¬ 
factured by passing a mixture of one 
volume of carbon monoxide and three 
volumes of hydrogen at atmospheric pres¬ 
sure over a nickel catalyst heated to 230°- 
250°. The gas mixture is obtained from 
water-gas. Methane is chemically inert but 
reacts explosively with chlorine at ordinary 
temperatures ; at low temperatures methyl 
chloride is formed. Used in the manu¬ 
facture of methyl and methylene chlorides. 

Methane base, Tetramethyldiaminodi- 
phenylmethane, C lT H„N,. 


(CH,),N- 


•N(CHj), 


It forms colourless leaflets, M.P. 90°-91°, 
B.P. 390*. Insoluble in water nnd cold 
alcohol, soluble in hot alcohol and in ether 
and benzene. It is not volatile in steam. 
It forms salts with mineral acids. 

It is prepared by adding a slight excess 
of formaldehyde to an aqueous solution of 
dimethylaniline hydrochloride at 85°. 

When heated with sulphur the —CH,- 
group is changed into a —C: S-group; 
treatment with ammonia then replaces the 
sulphur by an imino-group (sec Auraminc). 
Oxidation with lead peroxide gives Michlcr's 
hydro). Both these reactions are used 
commercially. 

Methanol. Sec Methyl alcohol. 

Methionic acid, Methylenedisulphonic acid, 

is a colourless, crystalline 
solid which readily absorbs .... 
water vapour. B.P. 220°- 
270°/15-20 mm. (dccomp.). 

Soluble in water and alcohol. The po¬ 
tassium salt is prepared by heating methy¬ 
lene chloride with an aqueous solution of 
potassium sulphite under pressure at 130°- 
160°. The free acid is obtained by de¬ 
composing the sparingly soluble barium 
salt with sulphuric acid. The aryl esters 
are very stable, but the alkyl esters de¬ 
compose on heating to give ethers. Has 
been used to prepare the higher ethers by 
heating a solution of the acid in the ap¬ 
propriate alcohol. Resembles malonic acid 
in some of its reactions. 

Methionine, a Amino-y-methylmercapto- 
butyric acid, C,H u OtNS. 

CH, • S • CH, • CH, • CH • COOH 

I 

NH, 


SO,H 
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Crystallizes in hexagonal plates, M.P. 
283° with decomposition. Soluble in water 
and alcohol. The naturally occurring sub¬ 
stance is la?vorotatory, (a]“ — 0-87°. 
Methionine is one of the only two sulphur- 
containing amino-acids, and is present in 
small quantities in the hydrolysis products 
of proteins. It is an essential constituent 
of the food of mammals and is particularly 
important in that it and choline arc the 
only compounds in the diet known to take 
part in methylating reactions. 

Methoxy-, u prefix used in organic 
chemistry to denote that the substance 
contains a methoxyl, or CH s O—, group. 

Methoxyl is the name given to the group 
CH,0—, also written MeO—. 

Methyl- is the name given to the group 
CH a —, also written Me—. 

6 -Methylacetopyranone. See Dchydracctic 
acid. 

Methyl acrylate, C 4 H 4 O t , 

CH t :CHCOOCH„ 

is a colourless liquid, D 8 0 077, B.P. 85®. 
Insoluble in water; soluble in organic 
solvents. Manufactured by treating ethyl¬ 
ene chlorohydrin with sodium cyanide and 
heating thc/J-hydroxypropionitrilc so formed 
with methyl alcohol and sulphuric acid. 
Forms a colourless resin on standing. Used 
in the manufacture of synthetic resins. 

l-Methylacrylic acid. See Methacrylic 
acid. 

Methylal, Methyliormal, is a colourless 
liquid with a pleasant odour, 

D“ 0 872, B.P. 42 3®. Soluble H C / * 
in three parts of water; * \oCH, 
miscible with most organic 
solvents. It occurs in commercial formalin, 
and is made by heating polyoxymethylcnc 
with methyl alcohol in presence of ferric 
chloride; by treating methylene chloride 
with sodium methoxide, or by treating a 
mixture of methyl alcohol and formalde¬ 
hyde with calcium chloride and a little 
hydrochloric acid. It is a good solvent, and 
is also used to replace formaldehyde in 
many reactions. 

Methyl alcohol, Methanol, Wood spirit, 
Wood naphtha, CH,OH, is a colourless 
liquid with a spirituous odour; it is 
poisonous, small doses causing blindness, 
D so 0-7010, B.P. 04-5®. Miscible with water 
and most organic solvents. Discovered by 
Boyle in 1001 among the products of the 
dry distillation of wood. It occurs as 
esters in various plant oils, such as winter- 
green. The manufacture of methyl alcohol 
by the distillation of wood has been largely 


replaced by a process using watcr-gns. 
Carbon monoxide and hydrogen combine 
to form the alcohol when passed, under 
pressure, over a catalyst of zinc oxide con¬ 
taining 10 % chromium oxide. Sullicicnt 
heat is liberated by the reaction to render 
external heating unnecessary. It is readily 
oxidized by air in presence of nickel or 
platinum to formaldehyde. Reacts with 
sulphuric acid to give methyl hydrogen 
sulphate, dimethyl sulphate, and dimethyl 
ether. Forms methyl chloride with hydro¬ 
gen chloride in presence of zinc chloride. 
When heated with soda-lime it is converted 
to sodium formate and hydrogen. Reacts 
with sodium to give sodium methoxide. 

It is a good solvent for many inorganic 
salts and organic comj>ounds. May be 
detected by oxidation to formaldehyde. 
Used in the manufacture of formaldehyde, 
methyl chloride, and many other organic 
compounds; also as a solvent and ns a 
denaturant for ethyl alcohol. 

Methylamines, Monomethylamine, Methyl- 
amine, CTI,NII„ is a colourless gas with 
nn ammoniacnl odour. It is inflammable. 
Very soluble in water. It occurs in some 
plants, in herring brine, and crude bone oil. 
Manufactured by heating methyl alcohol 
with ammonia under pressure in presence 
of a catalyst. By varying the proportions 
of ammonia to methyl alcohol di- and tri- 
mcthylamine may also l>c obtained. Pre¬ 
pared by heating formnlin with ammonium 
chloride. The methylamine is obtained 
as the crystalline hydrochloride (M.P. 
225°-226°). Di methylamine is 

a colourless, inflammable liquid 
with an ammoniacal odour, I)° 

0 6804, B.P. 7°. Miscible with 
water. Occurs in herring brine. For manu¬ 
facture, see monomethylamine. Prepared 
by treating nitrosodimethylanilinc with a 
hot solution of sodium hydroxide. Tri- 
methylamine, shown herewith, is 
a colourless liquid having a strong pu*\ m 
fishy odour, D° 0-6709, B.P. 3-2®- q,\\ / 
3-8°. Miscible with water. Occurs 
in plants, herring brine, bone oil, and urine. 
Manufactured by heating paraformaldehyde 
with ammonium chloride and adding sodium 
hydroxide, or by the process mentioned 
under monomethylamine. Reacts with hy¬ 
drogen peroxide to give trimethylamine 
oxide and with ethylene oxide to give 
choline. The solutions of the methyl- 
amines in water are alkaline but the alka¬ 
linity decreases with the number of methyl 
groups. The methylamines arc used in the 
manufacture of various pharmaceuticals. 

Methylated spirit is ethyl alcohol rendered 
undrinkable by means of methyl alcohol 
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and other substances Four vanct.es are 
manufactured, but only one is sold to the 
pcneral public. Mineralized methylated spirit 
is made by adding to 90 volumes of ethyl 
alcohol (95 % alcohol) 9-5 volumes of wood 
naphtha and 0 5 volume of pyndme. To 
every 100 gallons of this mixture is added 
3/8th gallon mineral naphtha and l/40th 
oi. methyl violet. This is the ordinary 
methylated spirit of commerce. Industrial 
methylated spirit consists of 95 volumes of 
ethyl alcohol (95 % alcohol) and 5 volumes 
of wood naphtha. This is used in industries 
requiring a pure alcohol. Industrial methyl■ 
aied spirit (pyridinized) has a further addi¬ 
tion of 0 5 volume of crude pyridine, and 
is used in spirit varnishes and lacquers. 
power methylated spirit is absolute ethyl 
alcohol, 92 volumes; benzol, 5 volumes; 
crude pyridine, 0 5 volume, and crude 
naphtha, 2-5 volumes. It is coloured by 
the addition of 1/40 oz. Spirit Red III to 
every 100 gallons, and is used only in 
alcohol blend fuels for internal combustion 
engines. 

Methylation is the name given to a 
process by which a methyl group is added 
to a compound. In aliphatic chemistry 
this involves substitution of the hydrogen 
atom of a hydroxyl, amino-, or imino- 
group, and produces an ether or a secondary 
or tertiary amine respectively. In aromatic 
chemistry it may also mean the substitu¬ 
tion of one of the hydrogen atoms of the 
ring by the methyl group: this is carried 
out by the Friedel and Crafts reaction. 
Amines and amino-compounds may be 
methylated by heating with formaldehyde 
in formic acid solution, or by heating with 
methyl iodide or dimethyl sulphate. For 
methylation of hydroxy-compounds sec 
Ethers. 

2-Methylbutadiene. See Isoprene. 

Methyl cellosolve. Sec Ethylene glycol 
monomethyl ether. 

Methyl chloride, Monochloromethane, 

CH,C1, 

is a colourless gas with a pleasant ethereal 
odour; it burns with a white flame, B.P. 
— 24°. Soluble in water; very soluble in 
alcohol. Manufactured by the action of 
hydrochloric acid on methyl alcohol, or by 
the direct chlorination of methane under 
carefully controlled conditions. Reacts with 
chlorine to give methylene chloride, chloro¬ 
form, and carbon tetrachloride. Forms 
methyl alcohol when treated with milk of 
lime under pressure. Used in refrigeration 
plant. 

22 


Methylcyclohexanone 

A powerful 


Methylcholanthrene, C„H U . 
carcinogenic substance, 
crystallizing in straw 
yellow crystals from 
benzene, M.P. 177\ It 
has been prepared from 
cholic acid, and has been 
synthesized. 

Methylcyclohexanol, 

Methylhexalin, Sextol, 

Hexahydrocresol, 

c»h, 4 o. 

The commercial product is a mixture of the 
three isomers: 



CH, 

CH, 

1 

CH 

CH, 

1 

CH 

CH 

dH, CHOH 

CH.^CH, and 

■ i 

ch,\h, 

CH, CH, 

CH, CHOH 

CH, CH, 

X 

Vh, 

\hoh 

It is a colourless, rather viscous liquid, with 


a penetrating odour, D u 0-925, boiling 
range 105M80 0 . Soluble to 3 % in water; 
miscible with hydrocarbon solvents. Manu¬ 
factured by reduction of the cresols from 
coal tar with hydrogen in presence of nickel 
catalysts. The individual mcthylcyclo- 
hcxanols arc prepared in a similar manner 
from the pure crcsol, and exist in cis and 
Irons modifications. They arc volatile in 
steam. Oxidized to methylcyclohcxnnoncs. 
Used as solvent for fats, oils, gums, and 
waxes, and in nitrocellulose lacquers. 
Soaps containing it arc important deter¬ 
gents. The esters are used ns plasticisers 
in lacquers. 

Methylcyclohexanone, Sextone B, C,H„0. 
The commercial product is a mixture of the 
three isomers: 


CH, 

ill 

CH, 

CH, 

1 

CH 

i'H 

/\ 

/\ 

/V 

CH, C : O 

1 1 

CH, CH, 

CII, CH 
| 

CH, CH, 

CH, irO 

CH, CH 

X 

X CH, 

V 
• • 

o 


Methylcyclohexanone is a colourless liquid 
with a penetrating but not unpleasant odour, 
D u 0-925, boiling range 104°-172°. Sol¬ 
uble to 3 % in water ; miscible with alcohol 
and hydrocarbon solvents. Manufactured 
by passing the vapour of commercial 
methylcyclohexanol over a heated copper 
catalyst. The individual inethylcyclohexa- 
nones may be obtained in a similar manner 
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from the three incthylcyclohexanols. Used 
ns solvent for resins and gums in the manu¬ 
facture of lacquers. 

Methylene blue. This is an important 

(CH,),N-/^|/ S Y^_ N( CI , ,) 1 CI 



dyestuff prepared by boiling indnminc with 
dilute acid or a solution of zinc chloride. 
It is used mainly in cotton-yarn dyeing and 
in calico-printing and is of considerable value 
as a staining material in bacteriological work 
and microscopy. 

In pharmacy it is known as methyl- 
thioninc chloride and is used for its mildly 
nntiscptic properties. 

Methylene chloride. See Dichlorome- 
thane. 

Methylenedisulphonic acid. See Mctlikmic 

acid. 

Methyleneditannin, CH,(C„H,O t ) |( is a 
condensation product of formaldehyde and 
tannic acid. It occurs as an insoluble 
powder, the colour of which varies from 
cream to dark reddish-brown. It is given 
internally us an ustringent antiseptic for 
diarrhoea and dysentery. Externally, it is 
used as a dusting powder or in an ointment 
for eczema and certain skin diseases. 

Methylene radical. The bivalent group 
= Cl I,. Prepared in the free state by the 
thermal or photochemical dissociation of 
kctcnc or diazomcthanc, it appears to con¬ 
tain bivalent carbon, and shows little ten¬ 
dency to react with other molecules of 
methylene to yield ethylene, but is un¬ 
stable at relatively low tempemtures. 

Methyl ethyl ketone, C 4 H s O. 

CH a COCH,CH,. 

is a colourless liquid with a pleasant odour, 
D*° 0 8051, B.P. 78 0°. Soluble in water to 
24 % by weight; miscible with most organic 
solvents. Forms a constant-boiling mixture 
(B.P. 70 0°) containing 11-4 % water. It 
occurs with acetone in the products of the 
destructive distillation of wood. Manufac¬ 
tured by the oxidation of secondary butyl 
alcohol with air in presence of a heated 
copper catalyst; or by passing the vapours 
of 1 :3-butylcnc glycol over a copper catalyst 
at 200’. Used as a solvent and to replace 
acetone in lacquers subject to “ blushing.” 
It is an intermediate in one of the syntheses 
of isoprene. 

Methylfumaric acid. See Mesaconic acid. 

Methylglyoxal, Pyruvic aldehyde, C,H 4 0„ 
CH, • COCHO, is a yellow liquid with a 
pungent odour. It begins to boil at 72°, 
and gives a yellow-green vapour. The 


liquid at room temperatures has the formula 
(C a II 4 0,) t . and readily polymerizes to a 
glassy solid. It has been isolated from 
fermentations of sugar by yeast, and is 
supposed to l>c an intermediate product in 
the breakdown of sugars by bacteria. May 
be prepared by the oxidation of acetone by 
selenium dioxide. Oxidized by suspensions 
of D. coli to (//-lactic acid. 

Methylhexalio. Sec Mcthylcyclohcxanol. 

Methyl iodide, Monoiodomethane, Cl 1,1. is 
a colourless liquid with characteristic odour, 
B.P. 42 8°, D“ 2 208. Insoluble in water ; 
miscible with alcohol and ether. Prepared 
by heating methyl alcohol and iodine with 
red phosphorus. Reacts with hydrogen 
atom of hydroxyl and amino-groups to give 
methoxy- and methylnmino-coinpounds. 
Used in orgunic chemistry for methylating 
compounds containing hydroxyl and amino- 
groups. 

Methylm&leic acid. Sec Citraconic acid. 

Methyl methacrylate, Methyl l-methyl- 
CH, 

acrylate, | , is a colourless 

CH, : C • COOCII, 

liquid. D» 0 045, B.P. 100 3°. Insoluble in 
water; miscible with organic solvents. 
Manufactured by heating acetone cyano¬ 
hydrin with methyl alcohol and sulphuric 
acid, or by dehydrogenating isobutyrnlde- 
hyde over a heated copper catalyst contain¬ 
ing zinc and chromium, oxidizing the 
methacraldehydc to mcthacrylic acid and 
treating this with methyl ulcohol and sul¬ 
phuric acid. It forms resinous polymers 
when heated in presence of oxygen or 
peroxides. Other esters arc formed by 
heating the methyl ester with the required 
alcohol. Used to prepare resins of unusual 
transparency which can be moulded into 
lenses. 

Methyl orange, 4-dimcthylamino-4'-azo- 
benzenc-sodium-sulphonate, C, 4 H, 4 0,N,SNa. 

S 0 * N <ZDn:<Z> N 0, 

Orange crystals prepared by the action of 
dimcthylaniline on'diazotized sodium sulph- 
anilate. It is used as an indicator in 0 01 % 
aqueous solution, the p B range being 3*1 
(red) to 4-4 (yellow). 

Methyl oxalate, Dimethyl oxalate, crystal¬ 
lizes in colourless plates, M.P. c , r . r . ntJ 
54°, B.P. 103-5°. Soluble in y OOCH * 
alcohol; decomposed by hot COOCH 
water. Prepared by boiling * 

anhydrous oxalic acid with absolute methyl 
alcohol; the ester crystallizes on cooling. 
Reacts with ammonia to give methyl 
oxamate and oxamide. When heated with 
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a solution of sodium hydroxide, it is decom¬ 
posed to oxalic acid and methyl alcohol; 
this reaction is used to obtain pure methyl 

alcohol. . 

Methyl radical. The univalent radical 
- CH, or Me, prepared in the free state by 
the thermal dissociation of many organic 
compounds, including lead tetramethyl, or 
by the photolysis of acetone. It is stable 
even at 000°. 

Methyl red, o - carboxybenzeneazodi- 
methylunilinc, C u H u O,N a . 




M.P. 181°-182 # . An indicator, prepared by 
the action of dimethylanilinc on diazotized 
anthranilic acid. It is used in 0-02% 
solution in 60 % alcohol and its p a range is 
4-4 (red) to 0 0 (yellow). 

Methyl salicylate, C,H 4 • OH • COOCH,. 
This ester exists in an almost pure state in 
the essential oils of wintergreen and sweet 
birch, but most of that used nowadays is 
prepared synthetically. It has a pleasant 
characteristic odour, and is readily ab¬ 
sorbed through the skin. It possesses the 
general medicinal properties of the sali¬ 
cylates, and is applied either alone or as a 
liniment or ointment mixed with menthol, 
camphor, nnd other volatile analgesics for 
casing the pain of lumbago, rheumatism, 
and sciatica. 

Methylauccinic acid. See Pyrotartaric 
acid. 

Methyl-sulphonal. See Sulphonal. 

Methyl violet. A violet dye obtained by 
the oxidation of dimethylaniline with cupric 
chloride. It consists of a mixture of the 
hydrochlorides of tetra-, penta-, and hexa- 
mcthyl-p-rosnnilincs. The formula given is 
of the pentamethyl compound : 



It is used in dyeing fabrics, for colouring 
methylated spirits, as a bacteriological 
stain, and ns an indicator, the pu range 
being 01 (yellow) to 3-2 (violet). 

Gentian violet is a mixture of the hydro¬ 
chlorides of penta- and hexa-methyl-p-rosani- 
lines. It is used to dye wool and tannin- 
mordanted cotton. In medicine gentian 
- violet usually refers to crystal violet, which 
is more readily obtained pure. 

Crystal violet is the hydrochloride of 
hexamethyl-p-rosaniline. It has a power¬ 
ful antiseptic action on gram-positive 


organisms and is used medicinally in the 
treatment of bums and infectious diseases. 

Meyer, Julius Lothar (1830-1895). Born 
at Varol, Oldenburg, Meyer studied medicine 
at Zurich and Wurzburg. After a period 
spent in physiological research he was 
appointed, in 1859, a pnvatdozent for 
physics and chemistry at Breslau, where he 
published, in 1864, his “Modern Theories 
of Chemistry.” Later he became lecturer 
at the Forestry Academy at Ncustadt- 
Eberswalde, and in 1868 professor of 
chemistry at the Polytechnic at Karlsruhe. 
In 1870 Meyer received a similar appoint¬ 
ment at Tubingen. From an investigation 
of the atomic volumes of the elements he 
formulated the Periodic Law at the same 
time as McndelCeff. Sec Mem. Lect., ./. 
Chem. Soc., 1896, p. 1403. 

Meyer, Victor. Victor Meyer was born 
in Berlin in 1848 and studied chemistry 
at Heidelberg in 1805 and afterwards 
in Bacycr’s laboratory in Berlin, then in 
Stuttgart. He was director of the chemical 
laboratory at the Zurich Polytechnic from 
1872 to 1885 and became professor at 
Gottingen in 1885 and at Heidelberg in 
1889. He studied the chemistry of the 
aromatic compounds, discovered oximes, 
and did important work on vapour densities 
at high temperatures. He coined the term 
*' stereoisomerism ” and worked at that 
subject. He died in 1897. See “Chem. 
Soc. Memorial Lectures, 1893-1900." 

Mica is a term applied to several complex 
silicates some having seven and others eight 
atoms in thcmolcculc, and characterized by a 
highly perfect basal cleavage which enables 
the crystals to be split into very thin plates. 
The most important of these arc muscovite 
(g.o.) or potash mica, which has a typical 
analysis of 37% Al t O,, 46% SiO t . and 9% 
KjO, with other salts, nnd phlogopltc 
(amber or magnesia mica) with 17% Al t O a , 
26% MgO, 40°' o SiOj, and 10% K f O. Their 
occurrence is widespread, but Canada, the 
United States, and India supply most of the 
mica used industrially. Mica has low 
thermal conductivity and high dielectric 
strength ; it is tough, flexible, nnd resistant 
to heat. It is chiefly used for electrical 
insulation, and when ground as a filler for 
paint and wallpaper. 

Micelle. The modern view of colloidal 
sols considers these to consist of charged 
particles dispersed in a continuous medium. 
The charge of the particle is due to a layer 
of surface ions adsorl>cd on to or composed of 
the material of the particle and surrounded 
by an outer layer of compensating ions which 
is not rigid, hut decreases in density with 
distance from the interface. The charged 
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particle with its compensating diffuse layer 
is termed a micelle, the continuous disper¬ 
sion medium, the intcrmicellar liquid. 

Michael, Arthur (1853-1942). Bom at 
Buffalo, U.S.A., Michael was educated at 
the Universities of Berlin ami Heidelberg 
and at the Ecolc de MCdCcinc, Paris. He 
was appointed professor of chemistry at 
Tufts College (1882), and professor of 
organic chemistry at Harvard University 
(1912). He was the author of numerous 
investigations on subjects in pure chemistry. 

Michler’s hydrol, Tetramethyldiamino- 
benzhydrol, C,,H n ON a . 

(CH,),N ^ ^ -CH(OH)— ( ) >—N(CH»), 

It forms colourless prismatic crystals, 
M.P. 90°. Soluble in alcohol, benzene, and 
ether. The hydrochloride is soluble in 
alcohol, but is hydrolysed by water. 

It is prepared technically by the oxidution 
of methane base by lead peroxide and 
glacial acetic acid. It can also be obtained 
by reduction of Michler’s ketone with 
sodium amalgam in alcohol. 

It is used for the preparation of tri- 
phcnylmethone dyestuffs by condensation 
with bases, phenols, and many other 
aromatic compounds. 

Michler’s ketone, Tetramethyldiamino- 
benzophenone, C lf H w ON t . 

(CH;),N<^ —CO—N(CH,) t 

It forms glistening leaflets, M.P. 172°. 
Soluble in alcohol and ether. It is basic and 
forms salts with mineral acids and is pre¬ 
pared by the action of phosgene on di- 
mcthylanilinc at 100°. 

Reduction with sodium amalgam in 
alcohol gives Michler’s hydrol. Treatment 
with phosphorus trichloride gives the 
dichloride. The dichloridc is used com¬ 
mercially for the preparation of tri- 
phenylmethane dyes by condensation with 
bases, phenols, and many other aromatic 
compounds. 

Microanalysis. The analysis of very 
small quantities of material, often under 
10 milligrammes. The technique involved 
in microanalysis is very specialized, and 
details can be found in Pregl’s “ Quantita¬ 
tive Organic Microanalysis,” in C. A. 
Mitchell’s “ Recent Advances in Analytical 
Chemistry,” Vol. II, Chap. XV, and in other 
books. 

Microbalance. A balance capable of de¬ 
tecting and measuring changes in weight 
of the order of 10-* g. or less is termed a 
inicrobalancc. For ordinary quantitative 
analysis on the small scale, the micro- 


balances in use generally weigh to about 
10 g., and arc sensitive to a change of 
10-* g. For special purposes balances have 
been constructed which urc sensitive to as 
little as 10-** g., but the maximum load is 
correspondingly smaller than that of the 
ordinary analytical micro-balance. 

Microcosmic salt (Sodium ammonium 
hydrogen phosphate), NaNH 4 HP0 4 , 411,0. 

A solid forming colourless monoclinic 
crystals possessing a saline, ammoniucal 
taste. Prepared by the action of disodium 
phosphate on ammonium chloride, or of 
diammonium phosphate on sodium chloride. 
The salt is used in qualitative analysis, as 
it forms “ beads ” of characteristic colour 
on fusion with salts of certain metals. 

Micromicron (mm)- One micromicron =■ 
10-** cm. 

Micron (*»). One micron = 10 - * cm. 
This term was also proposed by Zsigmondy 
to describe dispersed particles of such a 
size as to be visible in the ordinary micro¬ 
scope. See Submicron, Ainicron. 

Midgley, Jr., Thomas(1880-1041). Midgley, 
Jr., was born at Beaver Falls, Pennsylvania. 
He carried out prolonged experiments on 
detonation in internal-combustion engines, 
which culminated in the development of 
lead tetraethyl as an anti-knock agent; 
during this research he invented the Midgley 
indicator. He also discovered the use of 
certain organic chlorofluorides as safe re¬ 
frigerants, and for his work in these two 
flclds was awarded the Nichols Medal in 
1023 and the Perkin Medal in 1037. Sec 
Chem. and Eng. News, 1044, 22, 1800. 

Miers, Sir Henry Alexander (1858-1042). 
Born at Rio de Janeiro, Miers was educated 
at Eton and Trinity College, Oxford. He 
was appointed Waynfletc professor of 
mineralogy, Oxford (1805), Principal of the 
University of London (1008), Vice-Chan¬ 
cellor of the University of Manchester, and 
professor of crystallography (1015), and 
Trustee of the British Museum (1020). 
Author of many books and original papers 
on geology and mineralogy, he was elected 
F.R.S. and, in 1012, knighted. Sec Nature, 
1943, 151, 47. 

Miers* theory of crystallization. This 
theory postulates that for any solution 
there is a definite supersolubility curve on 
the high concentration side of the normal 
solubility curve. Solutions lying between 
these two curves arc supersaturated and 
will' crystallize in .the presence of suitable 
crystal nuclei, those on the high concen¬ 
tration side of the supersolubility curve 
are labile and crystallize spontaneously 
until the concentration falls to the normal 
solubility line. 
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Migration, velocity of ionic. See Mobility, 


ionic. . 

Mild silver proteinate. 


See Silver nuc- 


IC Mmer William Allen (1817-1870). Miller 
Jfbtn at Ipswich, Suffolk. While s.udy- 
medicine at King's College, London, he 
Lmc into contact with Danicll and in 1810 
“I a short time in Liebig's laboratory a. 
Giessen. In the same year he became a 
demonstrator in the laboratory « «■»?» 
College, in 1841 became assistant to Daniel 1, 
and in 1845 succeeded him as professor- of 
. , n jctrv His chief work dealt with 
spectrum analysis. He was twice President 
of the Chemical Society (1855-57, 18Ca-07), 
of which he was an original member. 

Millikan. Robert Andrews (1868- ). 

BonTat Illinois, U.S.A., Millikan was 
educated at Oberlin College, Columbia 
University, and the Universities of Berlin 
and Gottingen. He wns appointed pro¬ 
fessor of physics at the University of 
Chicago (1910), and at the California 
Institute of Technology. Pasadena (1021). 
His brilliant researches on atomic physics, 
including the determination of the value of 
* (the unit electric charge), have brought 
him many recognitions; he was awarded 
the Nobel Prize for Physics in 1928. 
Milli micron (m #*)• ° ne millimicron — 


10 - T cm. 


See Mercurammine com- 


Millon’s base. 

, 0 Mills, William Hobson (1873- ). Mills 

studied at Cambridge and Tubingen. From 
1902 to 1912 he was Head of the Chemical 
Department at the Northern Polytechnic 
Institute, then returned to Cambridge as 
Fellow and Lecturer of Jesus College and 
Reader in Stereochemistry in the University. 
He has worked on the cyanine compounds, 
optical activity, molecular dissymmetry, 
and stereochemistry. He received the 
I/Ongstaff Medal of the Chemical Society in 
1930, the Davy Medal of the Royal Society 
in 1933, in 1937 was Baker Lecturer at 
Cornell University, and from 1941-44 
President of the Chemical Society. 

Mineral rubber. See Softeners. 

Minium. Another name for red lead. 
See Lead oxides. 

Mischmetal. An alloy of impure cerium, 
containing lanthanum and other rare-earth 
elements, with 35 % of iron. The impure 
cerium is prepared by the electrolysis of 
the fused chlorides of cerium, lanthanum, 
and other rare-earth metals. This alloy is 
pyrophoric, i.e. when small particles of 
the alloy arc abraded from the massive 
metal, by, e.g., rubbing with steel, they 
oxidize in the air with incandescence. 


This effect is used in automatic lighters, 
in which the incandescent particles serve 
to ignite the vapour of alcohol, petrol, or 
coal gas. The alloy has also been used in 
defining the paths of shells and bullets. 

In this case the friction of the air raises the 
alloy to incandescence. 

Miscibility. A term denoting the extent 
of mixing. Gases will mix in all propor¬ 
tions and arc said to be completely miscible. 
Two liquids may be completely miscible 
(or miscible in all proportions) as, e.g. 
alcohol and water, or only partially miscible 
i.e. there is a limit to the extent to which 
each will dissolve the other, e.g. aniline 
and water, or almost completely immiscible, 
e.g. mercury and water. The miscibility 
of liquids depends upon the chemical and 
physical similarity between the liquids, 
and in particular on their internal pressures. 
Liquids with equal internal pressures will 
mix in all proportions. 

Mispickel, FcAsS. Also known as arseni¬ 
cal pyrites; it is a common mineral often 
associated with tin ores. Orthorhombic, 
a : b : c - 0 077 : 1 : 1*188. A whitish min¬ 
eral with a metallic lustre. Hurdncss 5J, 
sp. gr. 0 0. It is an ore of arsenic, and is 
mined as such in Cornwall. 

Mitscherlich, Eilhard (1794-1803). Born 
at Ncucnde. near Jcncr, Oldenburg, Mits- 
chcrlich studied philology at Heidelberg, 
but later he took up chemistry at Gottingen, 
Berlin, and Stockholm. In 1825 he was 
appointed professor of chemistry at Berlin. 
His researches cover a wide field in crystal¬ 
lography, organic, and inorganic chemistry. 

Mitscherlich’s law of isomorphism. In 
1819 Mitscherlich put forward the law 
which states that substances which crys¬ 
tallize in isomorphous forms (i.e. which 
have identical crystalline forms, and form 
mixed crystals) have similar chemical 
compositions. Thus potussiurn selcnatc is 
isomorphous with potassium sulphate, and 
their formula? are K t Sc0 4 and K s S0 4 
respectively. See also Isomorphism. 

Mittascb, Alwyn (1809- ). A pupil of 

Ostwald, Mittasch was originally a school 
teacher, but became attracted to industry. 
In 1918 he founded the Research Laboratory 
of the I.G. Farbcnindustric at Oppau, con¬ 
tinuing Director until 1933. His private 
researches were mainly upon problems 
associated with catalysis, and the metal 
carbonyls. 

Mixed-base crude oil. A crude oil which 
on distillation yields a residue containing 
both paraffin wax and asphaltic l>odies in 
appreciable proportions. 

Mixed crystals. It often happens that 
when a solution, containing two substances 
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which crystallize in similur forms, is con¬ 
centrated, the crystals which deposit arc 
homogeneous, but consist of a mixture of 
the two substances. Such crystals arc 
termed mixed crystals. 

Mobility, ionic. The equivalent conduc¬ 
tivity at infinite dilution of any salt may 
be expressed as the sum of two independent 
terms, one due to the anion, the other due 
to the cation. These terms are called the 
mobilities of the ions. They are not to be 
confused with the absolute velocities of 
migration, which are the mean velocities of 
the ions in cm. per sec. for a potential 
gradient of 1 volt per cm. 

Moissan, Ferdinand Frtfdlric Henri (1852- 
1007). Apprenticed at first to a pharmacist 
in his native city, Paris, Moissan began the 
serious study of chemistry in 1872 under 
Frdmy at the Music d'Mistoirc Naturellc. 
In 1880 he was appointed demonstrator in 
chemistry at the Ecole Suplrieurc dc 
Phannacic where he isolated the element 
fluorine. After a period as professor at the 
School of Pharmacy he was appointed 
professor of chemistry at the University of 
Paris. His later work included a study of 
reactions at high temperatures. In 1000 he 
was awarded the Nobel Prize for Chemistry. 
Sec Mem. Lcct., J. Chrm. Soc., 1012, p. 477. 

Molar fraction. The molar fraction of 
a compound A in a mixture containing in 
addition only the compounds B, C, and I), 
is the number of molecules of A divided 
by the total number of molecules of A, B, 
C, and I). In practice, the concentrations 
of A, B, C, and I) arc not expressed in actual 
numbers of molecules, but in fractions or 
multiples of their gram molecular weights. 
This docs not nffect the value of the molar 
fraction, for the gram molecule of every 
substance contains the same number of 
particles (molecules). 

Mole. An abbreviation frequently used 
in scientific literature in place of gram 
molecule. 

Molecular conductivity. This is the 
specific conductance multiplied by the 
volume in ml. containing 1 gm. molecule 
of the electrolyte. 

Molecular depression constant. See De¬ 
pression of freezing-point. 

Molecular diameters. Very few mole¬ 
cules arc spherical, but for the purposes of 
chemical kinetics this assumption is usually 
sufficiently accurate. The diameters of 
some molecules arc as follows: H, 
2-38 x 10-* cm.; O, 319 X 10- 4 cm.; 
NHj 3-9 x 10-« cm.; C,H, 0 0 x 10-* cm. 

Molecular distillation. Distillation or 
sublimation at a very low pressure, say 
10-* atin., may be effected by the con¬ 


densation pump invented by Langmuir 
in 1010. By this method Hronstcd and 
Hcvcsy separated the isotopes of mercury 
in 1922. Vitamin-A has been concentrated 
by molecular distillation. Sec .Journal Soc. 
Chem. Ind., 1930, T, pp. 30-04. 

Molecular elevation constant. See Eleva¬ 
tion of boiling-point. 

Molecular heat. This is the amount of 
heat required to raise the temperature of 
1 gm. molecule of a substance through 
1° C., at constant pressure or constant 
volume, which must be specified. 

Molecular retractivity. Sec Specific 
refractivity. 

Molecular spectrum. See Band spectrum 
and Continuous spectrum. 

Molecular weight. The weight of one 
molecule referred to the standard of 
O « 10-0000. It is a rutio (cf. atomic 
weight). For stoichiometric calculations, 
the molecular weight is expressed in 
grammes (O — 16*0000 g.), and is known as 
the Gram Molecular Weight. 

Molecule. Defined by Maxwell as “ that 
small portion of matter which moves about 
as a whole, so that its parts, if it has any, 
do not part company during the motion of 
agitation of the gas.” It is generally 
accepted to refer to the smallest particle 
of matter which can exist in a free state 
(cf. atom). In the case of polar substances 
such as sodium chloride, the molecule is con¬ 
sidered as NaCI, although it is known that 
the solid consists of an orderly arrangement 
of Na* and Cl- ions. 

Molecule, mass of a. The actual mass of 
a molecule may be obtained by dividing the 
gram molecular weight by Avogadro’s 
Number. Thus, the mass of the oxygen 

OO 

molecule is — x - 5-28 X 10-« gm. 

Molisch's test. A general test for carbo¬ 
hydrates. The carbohydrate is dissolved 
in water, alcoholic a-naphthol added, and 
concentrated sulphuric acid poured down 
the side of the tube. A deep violet ring 
is formed at the junction of the liquids. 
A modification, the “ rapid furfural test ”, 
is used to distinguish between glucose and 
fructose. A mixture of the sugar, a- 
naphthol, and concentrated hydrochloric 
acid is boiled. With fructose and sacchar¬ 
ides containing fructose a violet colour is 
produced immediately the solution boils. 
With glucose the appearance of the colour 
is slower. 

Molybdenum, Mo. At. no. 42, At. wt. 
95-95. A soft, ductile, white metal, re¬ 
sembling platinum; M.P. circa 2500°, 
density 10-02-10-32, depending on the 
previous physical treatment. Molybdenum 
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crystallizes with the body-centred cubic 
structure, a = 3-140 a. The metal is 
a moderate conductor of heat and elec¬ 
tricity. The chief mineral is molybdenite, 
MoS a , a soft, flaky, black material which 
resembles graphite in appearance. The 
metal was first isolated in 1782 by Hjelm. 
It is now obtained commercially by reduc¬ 
tion of the trioxide MoO, with hydrogen. 
The oxide is isolated from molybdenite 
through ammonium molybdate as an inter¬ 
mediate. The metallic powder produced 
in the reduction is sintered, forged, and 
rolled into the desired form. The metal is 
stable in air, but is oxidized rapidly at 600°. 
It does not combine directly with nitrogen, 
but is attacked by moist halogens. The 
metal forms carbides very readily, and these 
are the invariable products of attempts to 
prepare it by reduction of the oxide with 
carbon. Boiling hydrochloric acid attacks 
molybdenum slowly; hot concentrated 
sulphuric acid docs so rapidly, as also do 
aqua regia and dilute nitric acid; with 
concentrated nitric acid the metal exhibits 
passivity. 

Pure molybdenum is used extensively in 
the manufacture of valves, and for heating 
elements. The latter must be operated in 
an atmosphere of hydrogen. Molybdenum 
is a common constituent of alloy steels. It 
is sometimes added to cast iron, to improve 
the mechanical properties. See Molyb¬ 
denum steels. 

Molybdenum blue. Reduction of a neutral 
or weakly acid solution of a molybdate with 
zinc, sulphur dioxide, hydrogen sulphide, 
etc., gives a deep blue colloidal liquid. 
This can be coagulated by addition of an 
electrolyte to form “ molybdenum blue,” 
a solid of uncertain composition. 

Molybdenum, compounds of. In its com¬ 
pounds, molybdenum may exhibit valencies 
of 2, 3, 4, 5, or 6. The hcxavalent com¬ 
pounds arc the most important, and of these 
the chief is the acidic oxide MoO,. It is 
obtained by roasting molybdenite in air as 
a yellowish-white powder, which volatilizes 
when strongly heated and is soluble in 
alkaline solutions, with formation of molyb¬ 
dates. Other oxides are: MoO, and 
Mo,0,. Various halogen derivatives of 
molybdenum are also known, the hexa¬ 
fluoride, MoF„ being formed as a white 
crystalline solid by the direct action of 
fluorine on molybdenum. Solutions con¬ 
taining molybdenum in its lower valency 
states are coloured. Evaporation of a 
solution containing molybdenum with con¬ 
centrated sulphuric acid gives a character¬ 
istic blue colour on cooling. Solutions of 
molybdates, on acidification and treatment 


with hydrogen peroxide, give a yellow 
colour, which is due to the formation of a 
permolybdic acid. 

Molybdenum steels. Molybdenum, in 
amounts of 0 2 to 0 3 %, produces a general 
grain refining in alloy steels. It is fre¬ 
quently used in steels in conjunction with 
one or more other alloying elements. The 
general effect of molybdenum additions is 
to increase the hardness and strength at 
elevated temperatures. Molybdenum steels 
forge readily. The metal has been widely 
used as a constituent of stainless and semi¬ 
stainless steels. 

Molybdic acids. An exceedingly complex 
group of acidic substances from which the 
molybdates are derived. The simplest acid 
is H,Mo0 4 , which is derived directly from 
the acidic oxide MoO,. Ammonium molyb¬ 
date, obtained by dissolving the trioxide in 
ammonia and evaporating, has the formula 
(NH«)gMo,O t «, 411,0. A solution of am¬ 
monium molybdate in nitric acid gives with 
soluble phosphates a ennnry-ycilow precipi¬ 
tate ((NII l ),P0 4 , 12MoO,, 2HNO„ 11,0), 
which, when licutcd to 150'-180®, forms 
ammonium phosphomolybdute, (NH 4 ),P0 4 , 
12.MoO,. At higher temperatures this is 
further decomposed to give the grccnish- 
black phosphomolybdic anhydride, P,0 4 , 
24MoO,. This rcuction is used in the detec¬ 
tion of phosphates and in the determination 
of phosphorus. The sodium molybdates 
are used in the ink and dyc-lakc industry. 
Lead molybdate is used as an opacifier in 
enamels. 

Monastral Fast Blue B.S. A blue pig¬ 
ment discovered in 1935 and manufactured 
by Imperial Chemical Industries. See 
Phthalocyanine. 

Monazite, a natural form of cerium ortho¬ 
phosphate containing GO %-70 % of cerium 
oxide. It forms yellow-brown monoclinic 
crystals of sp. gr. 5-2-S-3 and hardness, 
5-5-5, refractive index max. 1-841, min. 
1-796. Occurs in pegmatite and in some 
alluvial sands, chiefly in Brazil, Carolina, 
(U.S.A.), Travancorc, and the Transvaal. 
It is used as a source of cerium oxide for 
gas-mantles and as a refractory material. 

Monazite sand, a natural sand rich in 
monazite which occurs on the Brazilian 
coast and on the seashore of Travancorc, 
India, and elsewhere. It consists of yellow 
spheroidal particles associated with sea 
sand and, usually, with ilmenite and zircon. 
Monazite sand is the chief source of cerium, 
thorium, praseodymium, neodymium, and 
lanthanum, and an important source of 
titanium. 

Mond, Ludwig (1839-1909). Born at 
Cassel in Germany, Mond studied at 
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Marburg and Heidelberg. In 1862 lie came 
to England, where he immediately estab¬ 
lished himself in industry. In 1867 he 
became a naturalized British subject. In 
1873 he entered into partnership with Sir 
John Tomlinson Brunner (1842-1919), found¬ 
ing the firm of Brunner, Mond & Co. By 
his invention of the Mond process for the 
purification of nickel through the formation 
of the carbonyl, Mond laid the foundation 
of the Canadian nickel industry. 

Monel metal is an alloy containing about 
60-70 % Ni, 25-35 % Cu, 1-4 % Fc. 
0-2 % Mn, and a little Si and C. It has 
a sp. gr. of 8-80 to 8*85 and melts at about 
1330° to 1360*. 

Monge, Gasp&rd (1740-1818). Mongc was 
born at Beaune. He was chiefly a mathe¬ 
matician and a physicist, his most important 
contribution to chemistry being his quanti¬ 
tative experiments on the combustion of 
hydrogen and oxygen to form water. 

Monoacetin. Sec Acctins. 

Monobasic acid. An acid which yields 
only one scries of salts, having only one 
replaceable hydrogen atom, is termed a 
monobasic acid, e.g. HCI. 

Monochloroacetic acid. See Chloroacctic 
acids. 

Monochloroethane. Sec Ethyl chloride. 

Monochloroethylene. Sec Vinyl chloride. 

Monochloromethane. See Methyl chloride. 

Monoclinic system. One of the crystal 
systems, which comprises crystals with 
three unequal crystallographic axes, two 
of which intersect at an oblique angle, 
while the third is at right angles to the 
plane of the other two. The characteristic 
of this system is the presence of one (and 
only one) two-fold axis of symmetry 
and/or one (and only one) plane of sym¬ 
metry which, if present, is perpendicular 
to the two-fold axis. Examples of mono¬ 
clinic crystals include washing soda, borax, 
0 -sulphur, potassium chlorate, and oxalic 
acid. Sec Crystal symmetry. 

Monoethanolamine. See Ethanolamincs. 

Monoethylamine. See Ethylamincs. 

Monomethylamine. Sec Methylamincs. 

Monosaccharides. Sugars with the form¬ 
ula C,H t ,0,. In the natural sugars n is 
cither 5 or 0. 

Monosilane. The silicon hydride SiH 4 , 
which is a gas of B.P. — 111-9*. See 
Silicon hydrides. 

Monovinylacetylene, C 4 H 4 , 

CH S : CH C • CH, 

is a colourless gas having a sweet odour, 
B.P. 5*. Manufactured by the controlled 
low-temperature polymerization of acetyl¬ 


ene in presence of an aqueous solution of 
cuprous and ammonium chlorides. Reduced 
by hydrogen to butadiene and, finally, 
butane. Reacts with water in presence of 
mercuric sulphate to give methyl vinyl 
ketone. Forms a white silver salt and a 
yellow copper salt. Forms 2-chlorobuta- 
dicne with hydrochloric acid and certain 
metallic chlorides. 

Montmorillonite, a clay-mineral with 
composition corresponding to AI 2 Si 4 0 I4 II 4 , 
nlljO, occurring as a soft, apparently 
amorphous material. 

Refractive index 1-50 ; birefringence 0 03. 
Completely soluble in boiling hydrochloric 
acid. The crystalline structure is still un¬ 
certain, but appears to be derived from a 
sheet of gibbsitc between two layers of 
silicic acid from which sixteen atoms of 
hydrogen and eight atoms of oxygen have 
been eliminated as water. 

Dry montmorillonite swells greatly when 
soaked in water because the structure is 
such that water-layers can be retained 
between the sheets so that the unit cell 
has a thickness of 9-2-21-4 a. 

Moore filter. This is the simplest type of 
leaf filter; the leaves are large and rect¬ 
angular, and arc suspended in an open tank 
by a relatively massive framework. If it is 
desired to wash the filter cake the entire 
assembly is lifted by n crane and trans¬ 
ferred to another tank where clean water i9 
drawn through the cake by suction, i.c. 
the washing is by displacement. The solids 
arc recovered by transferring to yet another 
tank and blowing compressed air through 
the leaves when the filter cake drops off. 

Moore. Hugh Kelsea (1872-1939). Moore 
was born at Andover, Massachusetts, and 
educated at the Massachusetts Institute 
of Technology. He pursued an industrial 
career, and from 1903 to 1934 was chief 
chemist and chemical engineer to the 
Burgess Sulphite Fibre Co. His work 
dealt with electrochemical processes, the 
production of wood pulp, and the construc¬ 
tion and operation of evaporators. He was 
awarded the Perkin Medal, 1925. See 
Chem. and Ind., 1940, 114. 

Moore, Richard Bishop (1871 - 1931). 
Moore was born at Cincinnati, and studied 
at the Universities of London and Chicago. 
After being professor of chemistry at Butler 
College, Indianapolis, from 1905 to 1911, 
he joined the Bureau of Soils, transferring 
in 1912 to the Bureau of Mines, of which he 
became chief chemist in 1919. From 1923 
to 192G he was with the Dorr Co., then 
being appointed dean of Science at Purdue 
University. His chief work was carried 
out on the rare metals and their ores and 
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on the rare gases. Awarded the Perkin 
Medal, 1026. 

Mordant dyes. These are dyes of varied 
constitution. They all possess an acid 
character, and are indebted to the presence 
in their molecule of hydroxyl or carboxyl 
groups for their property of forming lakes 
with metallic mordants. The methods by 
which the mordant colours can be allixcd 
to the fibre depend on the dyestuff-nature 
and the fibre. 

Mordant dyes are mainly used in the 
dyeing of wool, dyeing previously mordanted 
wool, dyeing in a single bath, after-treatment 
of the dye with a metallic salt. Chromium 
and copper salts (especially the first) arc 
mainly used for this purpose. The chro¬ 
mium is applied ns potassium dichromatc in 
the presence of a reducing acid such os 
tartaric, oxalic, or formic acid. Typical 
examples are: Diamond black F, Car- 
moisine, etc. The most important applica¬ 
tion of a mordant dye to cotton is the 
dyeing of Turkey red. 

Morgan, Sir Gilbert Thomas (1872-1940). 
Educated at the Technical College (Fins¬ 
bury), the Royal College of Science, and the 
Universities of London and Birmingham, 
Morgan was appointed professor of applied 
chemistry at Finsbury Technical College. 
Later he became professor of chemistry at 
the University of Birmingham and, in 1925, 
Director of the Chemical Research Labora¬ 
tory, Teddington (D.S.I.R.). For his orig¬ 
inal work over a wide field he was elected 
F.R.S. He was knighted in 1930. Sec J. 
Chem. Soc., 19-41, 089. 

Morley, Edward Williams (1838-1923). 
Born at Newark, New Jersey, Morley was 
educated at Williams College, Mass. 
Although he studied originally for the 
Church, Morley later devoted himself to 
chemistry. He was appointed professor of 
chemistry, Western Reserve University, 
Cleveland (1808) and Cleveland Medical 
College (1873). From the latter chair he 
resigned in 1888 in order to give his time 
to chemical research. He is noted for the 
accuracy with which he determined the 
exact ratio in which hydrogen and oxygen 
unite by weight. He was awarded the 
Davy and Willard Gibbs Medals. 

Morphine, C I7 H„0 3 N. Colourless prisms 
with one molecule of water. M.P. (an¬ 
hydrous) 254°, with decomposition. Soluble 
in 5000 parts of water, 100 parts of ethyl 
alcohol, [a]” - 130-9° in methyl alchol. 

Morphine is the principal alkaloid of 
opium, from which it is obtained by treat¬ 
ment with milk of lime and ammonium 
chloride. It acts both as a base and as a 
phenol and reacts to form methylmorphine 


(codeine) and di acetyl morphine (diamor- 
phine or heroin). Morphine and its salts, 



CH,—CH, 
) 

\h,—CH, 


which are more soluble in water than the 
base, are umong the most valuable drugs for 
the relief of pain. They produce deep sleep, 
but are habit-forming and addicts require 
ever increasing doses to satisfy their craving. 

Morpholine, C,H,ON, is a colourless liquid 
with a strong ammoniacal 
odour. Dg 1-0010, B.P. 

129°. Miscible with water 
and most organic solvents. 

It was given its name in 
the mistaken belief that a 
similar ring formed part of the morphine 
molecule. Manufactured by heating 00'- 
dichlorodiethyl ether with ammonia, or by 
heating diethanolamine with 70 % sul¬ 
phuric acid. It is a moderately strong 
base, forming soaps with fatty acids. The 
unstable compounds with volatile inorgunic 
acids arc decomposed at relatively low 
temperatures. Absorbs water and carbon 
dioxide from the air to give morpholine 
carbamate, a colourless, crystalline solid. 
Dilute solutions in water distil with little 
change in composition. It has a high 
solvent power for a very wide range of 
substances. Used ns a solvent and for 
decreasing corrosion in boilers. Its soaps 
arc used as emulsifying agents. 

Morrhuic acid. See Sodium morrhuate. 

Morse, Harmon Northrup (1848-1920). 
Educated at Amherst and Gottingen, Morse 
was appointed associate professor at Johns 
Hopkins University in 1870. In 1891 he 
became professor of chemistry and Director 
of the Chemical Laboratory. His researches 
included the exact determinations of the 
atomic weights of cadmium and zinc and 
measurements of osmotic pressures. 

Mosaic gold. See Tin sulphide. 

Moseley, Henry Gwyn Jeffreys (1887-1915). 
Born at Weymouth, Moseley was educated 
at Eton and Trinity College, Oxford. 
After graduation he became lecturer in 
physics at the University of Manchester 
where he was associated with Rutherford. 
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He studied the X-ray spectra of the elements 
and found that in comparing the corre¬ 
sponding lines in different X-ray spectra 
there is a shift in passing from one element 
to the next in the periodic table in accord¬ 
ance with the equation VI = a(z - b) 

A 

where A is the wave-length of the line, 
a and b are constants and 2 is the atomic 
number. 

Moulding. The making of shapes in 
suitable materials into which molten metal 
can be run so that on solidifying its shape 
corresponds to that of the mould. Mould¬ 
ing, besides being a science, is an art. 
Moulds arc of two kinds: sand or clay 
moulds, and chill or permanent moulds. 

The essential properties of a moulding 
sand arc good refractory nature, a certain 
degree of porosity in order to allow free 
passage of gases, and easy removal from 
the cold casting. A sand mould is com¬ 
posed of two types of sand, the facing sand 
and the floor or black sand. There are 
three types of sand moulds. Green sand 
moulds arc made from sand damped suffic¬ 
iently to hold together when warmed. 
Dry sand moulds contain added clay and 
arc oven dried before use. Ix>nm sand 
moulds require no patterns, being fashioned 
by hand, and so arc plastic in texture. 
Chill moulds consist entirely of metal, and 
arc used when large numbers of the same 
type of casting arc required. See Plnstic 
moulding. 

Moulding materials. Plastics in an inter¬ 
mediate stage of manufacture such that 
they may be shaped under pressure usually 
with heating. The term covers materials 
in a fine state of sub-division, often called 
moulding powders, and materials which 
have larger particles as fabric or strong 
filled moulding materials. 

Moureu, Charles (1863-1920). A French 
chemist, Moureu was professor of organic 
chemistry at the College de France. He 
was author of numerous books and papers 
on organic chemistry. 

Mucic acid, C,H 10 O„ 
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forms colourless prismatic crystals, M.P. 
255° (rapid heating). Moderately soluble 
in hot water; insoluble in alcohol. Manu¬ 
factured by the oxidation of lactose or the 
galactans from wood with nitric acid. 
When heated with water it forms a soluble 
lactone. Converted to furoic acid by heat, 


and to allomucic acid by heating with 
pyridine. Distillation of the ammonium 
salt gives pyrrole. Used in the manufac¬ 
ture of pyrrole. 

Mucins arc complex compounds of amino- 
sugars, glucuronic acid, and sulphuric acid. 
Cartilage, tendons, aorta, and sclera contain 
chondroitinsulphuric acid, this being a tetra- 
saccharidc made up of two aminogalactosc 
and two glucuronic acid units ; the amino- 
groups are acctylatcd and the primary 
alcohol groups csterifted with sulphuric acid. 

Other mucins yield mucoitinsulphuric 
acid which is a disaceharide containing 
glucosamine and glucuronic acid. Mucins 
form extremely viseous solutions with 
water, arc soluble in dilute alkalis, ami 
insoluble in acetic acid. They can be 
prepared from snails, and are used medicin¬ 
ally for the treatment of gastric ulcers. Sec 
Armstrong’s “ Carbohydrates " and I^vene’s 
*' Hexosamincs and Mucoprotcins." 

Mucoids. Glucoproteins, found in white 
°f egg, resembling mucins, but giving solu¬ 
tions that arc not so viscous and more 
soluble in acetic acid. 

Mucoprotcins. See Glucoproteins. 

Muffle furnaces. The characteristic 
feature is that the charge docs not come 
into contact with the hot gases. This is 
effected by putting the charge in a retort or 
“ box,” whose walls arc heated by contact 
with hot gaseous products of combustion. 

Miiller, Heinrich Wilhelm Hugo (1833- 
1015). Bom at Tirschenreuth, Bavaria, 
M filler was educated at Ix*ipzig and Got¬ 
tingen. In 1854 he came to England as 
assistant to Warren De La Rue, with whom 
he carried out numerous researches. He 
eventually became a director of the firm of 
Thos. De La Rue Sc Co., and in connexion 
with this firm devoted his attention to 
practical applications of chemistry, with 
special reference to colours, varnishes, and 
paper-making. After retiring in 1902 he 
worked on plant substances. He was Presi¬ 
dent of the Chemical Society in 1885-87. 

Mullite, a mineral aluminosilicate corre¬ 
sponding to Al.Si.O,,, and a common con¬ 
stituent of intensely heated fireclay goods. 
The crystals arc orthorhombic, usually seen 
as “ long laths.” Mullite is formed by 
heating cyanite, andalusite, or sillimanite 
and also by heating clay to 1250° or above. 
In firebricks which have been heated to 
this temperature, mullite forms a felted 
mass of lath-likc crystals which greatly, 
increase the strength and refractoriness of 
the brick and are highly resistant to 
corrosion. 

Multiple proportions, law of. This law, 
proposed by Dalton in 1804, states that 
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when two elements A and B combine to 
form more than one compound, the weights 
of B, which combine with a fixed weight of 
A, are in the proportion of small whole 
numbers. For example, in nitrous oxide, 
nitric oxide, and nitrogen tetroxide, the 
amounts of nitrogen combined with one 
part of oxygen are in the proportion 4:2:1. 

Multiplet. When the individual lines in 
a spectrum arc carefully examined they 
are often found to consist of two or more 
closely grouped finer lines, which make up 
the fine structure of the original line. Each 
such group, constituting an ordinary line 
in the spectrum, is termed a multiplet. 
The finer lines, or components, are due to 
the different amounts of energy which the 
electron possesses by virtue of its spin. 
The multiplicity is the maximum possible 
number of such energy values which an 
atom in a given state can possess by virtue 
of the electron spin. A multiplet which 
arises from electronic transitions where 
there arc two such spin states is termed a 
doublet; where there are three spin states 
a triplet. 

Besides this fine structure due to elec¬ 
tronic spin, there arc often present still 
liner lines, known as hyperfine structure. 
These lines arc due to slight energy dif¬ 
ferences arising from the different weights 
of the isotopes of an clement, or from the 
fact that the nucleus of the atom has 
the property of spin, which is probably 
attributable to the spin of certain of the 
protons within the nucleus. 

Munroe, Charles Edward (1840-1938). 
Munroe was born at Cambridge, Massa¬ 
chusetts. From 1871 to 1874 he was an 
assistant in chemistry at Harvard, then 
being appointed professor of chemistry at 
the U.S. Naval Academy, Annapolis. From 
1880 to 1892 he was a chemist at the U.S. 
Naval Torpedo Station and War College, 
and from 1892 to 1918 professor of chemistry 
at the University of Washington. His chief 
researches were on explosives. He was 
President of the American Chemical Society 
in 1898. 

Muntz metal. A brass containing 60 % 
Cu and 40 % Zn, often referred to as 
" 60 % ” brass. This alloy is little affected 
by sea-water, and is much used in the 
manufacture of ship's fittings. It can be 
readily hot-worked, and is used for hot- 
stampings. It is rolled into sheets and rods 
for the manufacture of bolts, pins, etc. 

Another alloy similar in composition, but 
containing 38-5 % Zn and 1-5 % Fc or Sn, 
is known as stereo metal or Aich’s metal. 
Delta metal is of this group, but contains a 
small percentage of manganese as well as 


iron, both being added simultaneously as 
ferromanganese. 

Muriatic acid. An old name for hydro¬ 
chloric acid, still occasionally used in 
industry. Similarly, potassium chloride is 
sometimes called “ muriate of potash.” 

Muscarine, C,H lt O,N. 

CH,\ /CHr-CHOH • CH, • CH, 

ch,-^n; \cho 

CH,/ \QH 


A base obtained from certain toadstools. 
It is stable in alkaline solution, but unstable 
to acids. [a]£ + 1-57°. It is intensely 
poisonous, having an arresting action on the 
heart. 

Muscovite, K,Al^AlSi,O l# )(OH) t . a 
variety of white mica which occurs in 
monoclinic crystals having a = 518 a., 
b - 9 02 A., C - 20 04 a. and p = 95° 30'. 
Sp. gr. ** 2-8, hardness 2-2-5, rcfrac. 
index max. 1-601, min. 1-563, biref. 0-038. 
Muscovite is a good electrical insulutor 

below 1100 °. 

Muspratt, James (1793-1885). Born at 
Dublin, Muspratt was apprentice, for u 
time, to a wholesale druggist. He served 
during the Peninsular War in Spain and in 
1814 set up in Dublin as a chemical manu¬ 
facturer. In 1822 he went to Liverpool 
and later erected plant at St. Helens, 
Widncs, and Flint. He discovered the 
value of iron pyrites as a source of sulphur 
dioxide for sulphuric acid manufacture. 

Muspratt, James Sheridan (1821-1871). 
Son of Janies Muspratt, Muspratt was born 
in Dublin and studied chemistry at Glasgow, 
London, and Giessen. In 1848 he founded 
the Liverpool College of Chemistry. He 
prepared a chemical dictionary which has 
been translated into both German and 
Russian. 


Mustard gas, /?0'-Dichlorodiethyl sulphide, 
Yperite, C 4 H,C1,S, is a 
colourless oily liquid with 
a faint garlie-like odour; 
forms prismatic crystals 


l *\< 


CHjCICH, 




when cooled. M.P. 13 3 -14°, B.P. 215°-217°, 
D M 1-2741. Practically insoluble in water; 
soluble in most organic solvents. Manu¬ 
factured by treating sulphur monochloride 
with ethylene at 30°-35°. The product is 
yellow in colour, and contains colloidal 
sulphur. It may be purified by distillation 
under reduced pressure. Reacts with 
alkalis, and more slowly with water at 
ordinary temperatures. Decomposed vio¬ 
lently by bleaching powder. It is a powerful 
vesicant and poison, and causes conjunctiv¬ 
itis and temporary blindness. It is an 
important agent in chemical warfare. 
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Mustard oil. See Allyl isothiocyanatc. 

Mutarotation. The phenomenon of spon¬ 
taneous change of optical activity of an 
optically active substance when it is dis¬ 
solved in water, or some other solvent. 
The optical activity of glucose, for example, 
falls rapidly when it is freshly dissolved in 
water, the change being attributed to an 
isomeric change of the original x-glucosc 
into an equilibrium mixture of the a- and 
0-forms. These two substances differ in the 
spatial arrangement of on H— and an OH— 
group in the molecule. Mutarotation is 
frequently catalysed by acids or bases, or 
by both. 

Myogen. A protein of the albumin class 
present in muscle. It differs from myosin in 
being soluble in water and does not seem 
to be directly concerned with the contractile 
mechanisms. 

Myosin. The most important protein of 
muscle. It belongs to the globulin class 
of proteins, is insoluble in water, and gives 
extremely viscous solutions with neutral 
salts. It is present in living muscle as a 
practically insoluble gel. X-ray analysis 
shows it to have a curled chain like a- 
keralin, which can be converted into a 
straight chain of the /J-kemtin type by 
stretching in steam. It is probable that 
this change is responsible for the contraction 
of muscle. 

Myreene, C I0 H I4 , an acyclic monotcrpcnc 
of the constitutional formula 


H> Sc = 
H,C/ 


CHCH,CH t CCH:CH, 

Jh, 


It is found in many essential oils, e.g. in 
verbena oil and oil of hops. It has a 
pleasant smell, does not yield any crys¬ 
talline derivatives and has the following 
constants: B.P. 16GMG8°/760 mm., t/*‘ 
0 8013, n{* 1-4700. 

Myricyl alcohol. See Mclissyl alcohol. 

Myristic acid, n-Tetradecylic acid, 
C 14 H„0„ CH, • [CH 2 ] lt • COOH. Crystal¬ 
lizes in leallets, M.P. 58°, B.P. 250-5°/100 
mm. A fatty acid occurring as glycerides 
in milk and in large quantities in certain 
vegetable oils. 

Myrosin is an enzyme of the sulphatase 
class which is present in black and white 
mustard seeds and in other cruciferous 
plants. It hydrolyses a mustard glycoside 
to sugar, mustard oil, and potassium hydro¬ 
gen sulphate. It occurs in special cells 
with finely granular contents which arc 
free from starch, etc. Myrosin is apparently 
also present in animal tissues. 


Myrtenal, C 10 H l4 O. An unsnturated alde¬ 
hyde found in false camphor wood oil 
together with pcrilla aldehyde, from which 
it can be separated by decomposing the 
mixed sodium sulphite compounds with 
alkali, when d-myrtenal is alone regenerated. 


CIIO 

4 



It is ulso formed by the oxidation of 
rf-myrtenol. Its constants arc: B.P. 
91-75°/12-5 mm., d\ a 0 0808, [ot]^ + 15-082. 
It forms a scmicarbazonc of M.P. 230°. 

Myrtenol, C, 0 IIi*O. 

CH.OH 



A primary alcohol derived from a-pinene, 
the d-forni of which is found in myrtle oil, 
from which it can be separated by means of 
the crystalline hydrogen phthalate which 
it forms with phthalic anhydride, d- 
Myrtcnol has B.P. 222°-224°, 0-0763, 

/Id 1-4007, (a] D + 45-45°. The hydrogen 
phthalate has M.P. 114°-115°. 

Mytilitol, C,H 14 0„ present in the valve 
muscles of Mylilus edulis, is regarded as a 
methyl ether of inositol ( q.v .). It has 
I M.P. 182°. 
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Nadi reagent. A mixture of equal parts which gives a mixture containing 82 % of 
of M/100 dimcthyl-p-phenylcncdiamine in naphthalcne-/7-sulphonic acid. A reaction 
50 % alcohol, M/100 a-naphthol in 50% of great commercial importance is the 
alcohol, and 0-25 % sodium carbonate in catalytic oxidation of naphthalene to 
water. * It is used as a test for the indo- phthalic anhydride by passing the vapour 
phenol oxidase system as it is oxidized by mixed with oxygen over a vanadium pent- 
enzymes of the system to indophcnol blue.- 



Naphtha. A product from coal tar con¬ 
sisting largely of xylenes and higher homo- 
logues. It may be divided into “ heavy," 
“solvent," etc., the difference being largely 
a matter of density and consequent dif¬ 
ferent distillation analysis. 

Naphthacene ring system. The system 



numbered as shown. 

Naphthalene, C M II S . Is a white crystalline 
solid with a penetrating tarry 
smell; it bums with a very 
smoky flame. Insoluble in 
water and light petroleum, 
soluble in alcohol, ether, and 
benzene. Very volatile in 
steam, readily sublimes at low temperatures. 

Density 1152 at 19°, M.P. 80°, B.P. 
218-5°/707 0 mm. 5-20 % soluble in ab¬ 
solute alcohol at 15°, 45-8 % soluble in 
benzene at 15°. 

It was discovered in 1820 in coal tar 
which contains 5 % of naphthalene separable 
by fractional distillation ; this is still the 
chief commercial source. Owing to its 
volatility it is always present in crude coal 
gas. 

It is a typically aromatic compound and 
gives additive and substitution reactions 
more readily than benzene. Can be reduced 
to a series of compounds containing from 
2 to 10 additional hydrogen atoms (e.g. 
tetralin, dccalin), which are liquids of great 
value as solvents. Exhaustive chlorination 
gives rise to wax-like compounds, e.g. 
“ Seekay wax." It gives rise to two series 
of monosubstitution products depending 
upon whether the substituent is in the x- 
or /7-position. Readily nitrates and sul- 
phonates to give valuable dyestuffs inter¬ 
mediates, the substituent entering chiefly 
into the a position except in the case of 
sulphonation at a high temperature (150 3 ) 



oxide catalyst at 400°, or by oxidation with 
fuming sulphuric acid at 220°-280° in the 

presence of mercury. 

Naphthalene sulphonic acids. Naphtha¬ 
lene monosulphonic acids are obtained by 
direct sulphonation of naphthalene with 
concentrated sulphuric acid. A mixture of 
the two possible isomers is always obtained 
in proportions varying with the temperature 
of reaction. At temperatures below 40° 
the product contains 90 % of the a-sulphonic 
acid, at 160"-165 o the mixture contains 85 % 
of the ^-sulphonic acid. This behaviour 
must be contrasted with that of nitration 
which leads almost exclusively to the pre¬ 
paration of the a-nitro-isoincr. 

Naphthalene-a-sulphonic acid crystallises 
with 211,0, M.P. 90°. It is soluble in 
water and alcohol. The barium salt is only 
sparingly soluble in water. It is used for 
the preparation of a-naphthol by fusion 
with caustic soda at 270°-320°, and for the 
preparation of 1:8- and 1 :5-nitronaph- 
thalcnc sulphonic acids. 

Kaphthalcne-0-sulphonic acid crystallizes 
with 3H,0, M.P. 83°. It is very soluble 
in water. The anhydrous acid melts at 
90-5°-91° and is easily soluble in benzene. 
It forms a soluble sodium salt and much 
less soluble calcium and barium salts. Its 
principal use is for the preparation of /J- 
naphthol by fusion with caustic soda at 
295°-305 3 . It is, however, also used for the 
preparation of nitro-dcrivatives. 

Naphthalene disulphonic acids are pre¬ 
pared by more prolonged sulphonation 
than in the preparation of the mono¬ 
sulphonic acids. Four isomeric acids are 
thus obtained in varying proportions. At 
lower temperatures the mixture contains 
chiefly the 1 :5- and 1 :6-acids and at 
higher temperatures the 2:6- and 2:7- 
acids predominate. The disulphonic acids 
are used for the preparation of trisulphonic 
acids, of nitro-derivatives, and of mono- or 
di-hydroxy-compounds. 
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Naphthalene-1 : 5-disulphonic acid crys¬ 
tallizes with 4H,0. It is very soluble in 
water and gives soluble sodium and barium 
salts. 

Naphthalene-1 : O-disulphonic acid crys¬ 
tallises with 4H.O. The free acid and its 
sodium and barium salts arc easily soluble 
in water. 

Naphtlmlcnc-2 : 7-disulphonic acid crys¬ 
tallizes in long deliquescent needles. The 
barium salt is less easily soluble than the 
sodium salt or the free acid. 

Naphthalene-2 : O-disulphonic acid is of 
no commercial interest. 

Naphthalene trisulphonic acids can be 
obtuined by more drastic sulphonation of 
naphthalene or its mono- and disulphonic 
acids. Only three of the possible isomers 
are obtained, namely the 1:3:5-, 1:3: 0-, 
and 1:3:7-acids. The position of the 
substituting groups has thus followed the 
rule that a second or third sulpho-group 
nevers enters the ortho, para, or peri 
positions to the first or second groups. 

The most important of the trisulphonic 
acids is the 1:3: O-acid which is used for 
the preparation of H-acid. 

Naphthenic acids arc carboxylic acids 
obtained from crude petroleum. They 
were ftrst discovered in the naphthene- 
containing crude oils from Russia and 
Roumania. These oils are particularly 
rich in acidic constituents. The acids arc 
obtained by agitating the crude oil with a 
solution of sodium hydroxide. The water- 
soluble sodium salts of the acids arc then 
decomposed with mineral acids. The free 
acids from Russian and European oils are 
low-boiling liquids, often with offensive 
odours; those from American oils have 
higher boiling-points and are generally 
odourless. After purification, the naph¬ 
thenic acids arc colourless, or slightly 
coloured, oily liquids, sparingly soluble 
in water but volatile in steam. Many 
belong to a scries of general formula 
C B H ln _, COOH and are probably deriv¬ 
atives of cyclopentanc. It has been sug¬ 
gested that the acids arc not originally 
present in the crude oils but are formed 
from readily oxidizablc cycloparaffins during 
the extraction process. The sodium salts 
arc important detergents and emulsifying 
agents, while the calcium and barium salts 
are used in the preparation of coloured 
lakes for printing inks. The copper salts 
are used as a wood preservative and 
insecticide. The acids may be detected 
by the formation of a green copper salt 
soluble in petroleum ether. See the 
•• Chemistry of Petroleum Derivatives,” 
by Ellis. 



Naphthenic-base crude oil. A type of 
crude oil which on distillation yields an 
asphaltic residue containing little or no 
paraffin wax. 

Naphthine S. See Fast printing green. 

a-Naphthol, C 10 H,O. Colourless crystalline 
substance, M.P. 94°, B.P. 278°- 
280°. Readily soluble in l»cn- 011 

zenc, alcohol, ether, and aqueous 
caustic alkalis, sparingly soluble 
in hot water. Has a phenolic 
odour. Volatile in steam. 

Occurs in truces in high coal-tar fractions. 
Usually prepared on the large scale by 
caustic soda fusion of sodium nnphtlmlcnc- 
a-sulphonate but can also be obtuined by 
high-temperature alkaline digestion of 
a-chloronaphthalenc or a-naphthylaminc. 

Oxidized by acid permanganate or nitric 
acid to phthalic acid. Gives nitroso-com- 
pounds when treated with nitrous acid. 

Can be coupled in the 4-position with 
diazotized bases to give a series of azo dye¬ 
stuffs ; more usually it is first sulphonatcd to 
give a valuable series of intermediates for solu¬ 
bilized azo dyestufTs. The nitro-a-naphthols 
arc themselves dyestuffs, c.g. 2:4-dinitro- 
a-naphthol (** Naphthol Yellow "). 

Aqueous solutions of a-naphthol and 
bleaching powder when mixed give first a 
dark violet coloration followed by a precip¬ 
itate of the same colour. Gives a picratc 
with M.P. I89°-100\ 

0-Naphthol, C, 0 H,O. White crystals, 
slightly pink when impure, 

M.P. 122°, B.P. 285°-28fl°, fyNoH 

readily soluble in benzene, 

ether, alcohol, chloroform, \J\y 

and caustic alkali solutions, 

only sparingly soluble in hot water. 

It has a slight phenolic odour and has 

marked antiseptic properties. 

Occurs in traces in high boiling coal-tar 
fractions. Always prepared commercially 
by caustic soda fusion of sodium naph- 
thalcnc-0-sulphonate. 

With nitrous acid gives nitroso-/J-naph- 
thol, can also be chlorinated and sul- 
phonated. Oxidized ultimately to phthalic 
acid on prolonged oxidation. 

Couples readily with diazotized bases to 
give extensive series of azo dyes. May also 
couple on the fibre to give 44 Ingrained 
dyeing.” These azo dyes have hydroxyl 
group ortho to azo group which is of special 
value for after treatment with co-ordinating 
metals, e.g. after chroming with dichromate. 

Gives rise to important series of dyestuff 
intermediates obtained by sulphonation 
and nitration. 

Gives a characteristic yellow coloration 
with bleaching powder in aqueous solutions. 
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a-Naphthylamine, C I0 H,N. Colourless 
crystals, M.P. 50°, B.P. 301°. 

Insoluble in water, soluble in 
alcohol and ether. Basic and 
forms sparingly soluble salts 
with mineral acids. Prepared 
by the reduction of a-nitro- 
nnphthalene with iron and a trace of hydro¬ 
chloric acid or by the action of ammonia (or 
the calcium chloride ammonia compound) 
under pressure upon a-naphthol at a high 
temperature. 

a-Naphthylamine readily diazotizes and 
couples on to aromatic hydroxylic or basic 
compounds. It is thus used as a first 
component in a number of important 
monoazo dyes. It can also be used as a 
second component. It sulphonates to give 
naphthionic acid (a-naphthylaminc-4- 
sulphonic acid). 

^-Naphthylamine, C I0 H # N. It crystallizes 
in lustrous leaflets, M.P. 112°, 

B.P. 294°.' It is sparingly / y | NH * 

soluble in cold, easily soluble 

in hot water, and in alcohol 

and ether. It is basic and 

forms a stable hydrochloride and sulphate. 

It is prepared by Bucherer's method; 
0-naphthol is heated with a strong solution 
of ammonium sulphite and ammonia at 
150° for 8 hours. About G atmospheres 
pressure is developed. 

It is used as an end component in a few 
azo-dyes. It is also used for the prepara¬ 
tion of sulphonated derivatives. 

Naphtol A.S. Sec 2-Hydroxy-3-naph- 
thoic anilide. 

Naphtol bine-black (C), Coomassie blue- 
black (Lev.). 



This is a particularly important primary 
disazo-dye, being widely used for dyeing 
wool black shades. It is prepared by 
treating aminonaphthol disulphonic acid H 
first in acid solution with diazotized p- 
nitraniline and then in alkaline solution with 
diazotized aniline. 

Naphtol green B(C)(BDC). 



This nitroso-dye is the iron compound 
of sodium a-nitroso-/?-naphthol mono- 


sulphonate, formed by the action of nitrous 
acid on “ Schaffer's Acid,” the product 
being converted into the complex iron- 
sodium salt. It dyes wool a fast dull 
green from an acid bath. 

Naphtol yellow S. 


OK 



This nitro-dye, the potassium (or sodium) 
salt of 2 : 4-dinitro-l-naphthol-7-sulphonic 
acid (the most important dyestuff of the 
group) is prepared either by the nitration 
of l-naphthol-2 : 4 : 7-trisulphonic acid or 
by the nitration of nitroso-x-naphthol-2: 
7-disulphonic acid. Naphtol yellow is much 
faster than the other nitro-dyestuffs. It 
is used extensively for dyeing the animal 
textile fibres, particularly wool, and for 
shading other dyeings. The dyed materials 
turn a brownish shade with light. Being 
non-poisonous it is also used for colouring 
food. 

Naples yellow. Sec Lead antimoniotc. 

Narcotine, C„H m O,N. 



Colourless needles, insoluble in water, 
slightly soluble in alcohol, very soluble in 
chloroform; Ixvorotatory. Narcotinc is 
one of the alkaloids of opium, it occurs as 
the free base in amounts up to 15 %. It 
has a medicinal action resembling that of 
quinine. 

Nason, Henry Bradford (1831 - 1895). 
Nason was born at Foxborough, Massa¬ 
chusetts, and after graduating at Amherst 
College studied at Gottingen. In 1858 he 
was appointed professor of natural history 
at the Rensselaer Polytechnic Institute, and 
in 1866 became professor of chemistry and 
natural science. In 1890 he was President 
of the American Chemical Society. 
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Natural gas. Gases which originated from 
deposits of crude petroleum. These consist 
chiefly of the lower members of the hydro¬ 
carbon series and are usually found associated 
with crude petroleum from which they 
separate as “casing head gas” at the well 
head. Sometimes de(>osits of natural gas alone 
are found, the mother oil having migrated. 

Needle mesh. A system of designating 
screen mesh size by the number of the needle 
which is of the same diameter as the 
aperture. 

Negative adsorption. In some eases 
where the adsorption of n material from 
solution is for some reason inhibited, the 
adsorption of small quantities of solvent, 
which is normally unnoticed, becomes 
manifest ns a slight increase in the con¬ 
centration of the solution. This is termed 
negative adsorption. Sec Adsorption. 

Negative catalyst. Sec Catalysis. 

Negative glow. See Glow discharge. 

Nembutal, C„H l ,0 # N t No. A trade name 
for pentobarbital sodium, which is the sodium 
salt of cthyl-oc-mcthylbutyl barbituric acid. 


CHj • CH, • CIIj • CH(CH, 
C 
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It is a white crystalline powder, very soluble 
in water and freely soluble in ulcohol. 
It is used as a hypnotic, particularly for 
its sedative effect before anaesthesia. 

Neoarsphenamine, C„H 1 ,0 4 N I SAs,Na, is 
the sodium formnldchydc-sulphoxvlatc com¬ 
pound of arsphenamine. 


NH , 1 



NH • CH, • SO,Na 


A yellow solid, soluble in water, insoluble 
in ulcohol. The use of this compound has 
almost entirely rcpluccd that of arsphen- 
nminc. It is much less toxic, but slightly 
less active. It is given intravenously 
chiefly for syphilis. 

Neocinchophen is the ethyl ester of 6- 
methvl-2-phcnvlquinolinc-4-carl>oxylic acid, 

c 1# h; ? o,n. 



A yellowish-white crystalline powder, M.P. 
74°. Insoluble in water. It is used 
medicinally for the same purposes as 
cinchophcn, than which it is less toxic. 


Neodymium, Nd. At. no. 00, At. wt. 
144-27. One of the most abundant of the 
rare-earth elements. The metal is pre¬ 
pared by electrolysis of the fused chloride 
NdCI,. A fresh surface of the metal 
resembles silver, but it tarnishes in the air. 

The density at 13° is 7 05. The element 
reacts when heated with oxygen, nitrogen, 
hydrogen, or chlorine. It is known to form 
alloys with aluminium, copper, nickel, and 
iron. Salts of neodymium have a character¬ 
istic rosc-rcd colour, the most prominent 
absorption bands in the visible spectrum 
being ut AA 7324, 5800, 5780, 5750, 5740, 
5210, 5200, 5120, 5000, and 4274 A. 

Neodymium compounds. Neodymium is 
a trivulcnt element. The oxide Nd,0, 
(neodviniu) is prepared by ignition of the 
hydroxide, nitrate, or oxalate, and has a 
sky-blue colour. It is rcndily soluble in 
aci<ls. The hydroxide, Nd(OH)„ is formed 
as a blue gelatinous precipitate by adding 
ammonia or sodium hydroxide to a solution 
of a neodymium salt. The chloride cry¬ 
stallizes from aqueous solutions as the rose- 
coloured hexahydrate, NdCI,, 011,0, w-hich 
is very soluble in water. The mono- 
hydrate and the anhydrous suit are also 
known. The nitrate , NdfNO,),, <UI,0, is 
isodimorphous with bismuth nitrate. A 
solution containing the nitrates of neody¬ 
mium and pncscodytnium is used in the 
gas mantle industry. The sulphate is 
known as the anhydrous salt and as the 
monoclinic octahydratc, Nd,(S0 4 )„ 811,0. 
The oxalate, Nd,(C,0 4 )„ 10H,O, is a pale 
rosc-rcd crystalline powder. The nitride, 
NdN, is formed by heating the metal at 
900“ in nitrogen. It is a black powder 
which yields ammonia on treutincnt with 
water. When neodymium is heated in 
hydrogen an interstitial compound is formed. 

Neon, Nc. At. no. 10, At. wt. 20 183. 
Neon is the second most abundant of the 
rare gases of the atmosphere, in which it 
occurs to the extent of 0 0018 volume per 
cent. It was first detected in 1898 by 
Ramsay and Travers by the fractionation 
of liquid argon, when it collected in the 
more volatile fractions, but not until 1910 
was the gas obtained in the pure state. Its 
isolation is comparatively difficult. The 
boiling-point and melting-point arc - 233° 
and - 253°, respectively. The gas is 
monatomic. Its absorption coefficient in 
water at 0° is 0 0114. It has been char¬ 
acterized by determinations of its density, 
and by its spectrum. The passage of an 
electrical discharge through neon at low 
pressure is accompanied by the emission 
of an orange-red light. This effect is 
extensively used for illuminated signs. 
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The colour of the discharge may be modified 
to give a blue or green effect by adding 
mercury to the neon. The Osglim lamp, 
which has various technical applications, 
contains neon or a neon-helium mixture. 

Neoprene is the non-trade name for a- 
polychloroprcne. It is a soft, rubberlike 
mass soluble in benzene but insoluble in 
alcohols. Manufactured by allowing chloro- 
prene to polymerize to a syrupy consistency 
and extracting the unchanged material 
with alcohol. When heated at 30® for 48 
hours, or 130° for 5 minutes, it changes to 
/x-polychloroprene which closely resembles 
vulcanized rubber. This change can be 
inhibited by the addition of small amounts 
of phcnyl-0-naphthylamine, but the effect 
disappears at 100°. The ^-polychloroprene 
is more resistant than vulcanized natural 
rubber to swelling agents other than ben¬ 
zene and carbon tetrachloride, and is less 
permeable to hydrogen and helium. The 
tensile strength falls off rather rapidly with 
temperature. Used in the manufacture of 
oil-resisting rubber products such as gaskets 
and hose. See the “ Chemistry of 
Petroleum Derivatives,” by Ellis. 

Neoprene can be vulcanized by heating 
with zinc oxide, magnesia, and wood rosin, 
or certain related compounds. It can be 
made in bulk form or ns an emulsion. 

Neosalvarsan. A trade name for neo- 
arspheriamine. 

Neptunium. An artificial clement, with 
atomic number 03. Np **• is prepared from 
U M# by absorption of slow neutrons and sub¬ 
sequent /5-activity. It is itself 0-active 
with a half-life of 2-3 days, the product being 
plutonium 239 ( q.v .). Another isotope 

Np a,T , produced in the cyclotron by the 
action of fast neutrons on U”*, has a long 
half-life, 2-25 X 10* years, and relatively 
low radioactivity, and has been used for the 
study of the chemistry of neptunium, 
which resembles that of uranium. See 
Atomic Energy. 

Neral See Citral. 

Nernst, Walter (1804-1941). Bom at 
Briesen, West Prussia, Nernst studied at 
the Universities of Zurich, Berlin, Graz, 
and WUrzburg. He held appointments as 
professor of physics at Gottingen and at 
Berlin and Director of the Physik. Techn. 
Rcichsanstalt, Charlottenburg. In 1925 he 
became Director of the Physical Institute 
of the University, Berlin. Nernst’s brilliant 
researches included contributions to the 
theory of solution, work on galvanic cells, 
and the “ third law ” of thermodynamics. 
He received the Nobel Prize for Physics in 
1920. 

23 


Nernst heat theorem states that the 
decrease in the internal energy of a system 
U, and the corresponding decrease in free 
energy of the system A, i.c. the amount of 
external work done by the system, approach 
each other asymptotically at absolute 
zero, where they are sensibly identical. 
This statement may be written mathe¬ 
matically as follows : 


t . dU dA 

urn — = lim — 

T = 0 ^ t = 0 


0. 


Nerol, C l0 H„O, has the constitutional 
formula 


H,C 


^•CH.CH.CHj-CCH, 
\\/ 11011,01 -II 


or 


HjC 

''fc: CH • CII, • CH, • C • CH, 
ll/ HOH.C-i-II 


It is a terpenic alcohol and is a constituent 
of neroli, petit-grain, and bergamot oils and 
of many other essential oils. It can be 
separated in the form of its diphenyl- 
urethane, a crystalline body of M.P. 52°-53°. 

Nerol has a blander smell than its isomer, 
geraniol, and is more valuable as a con¬ 
stituent of perfumes. It has the following 
characteristics, B.P. 225°-220°, d ,s 0-8813. 

Nerol resembles geraniol in its general 
properties. 

Nerolidol, C„H m O. 

H,C CH, CH, 

^: CH • CH, • CH ,• I? :CH • CH, • CH, • d • CH: CH, 

H,C OH 

or 


H,C CH, 

VcH, CH, CH,• i :CH • CH,-CH, 

ll/ 


CH, 


.-CH-.CII, 

(ill 


A sesquiterpene alcohol, the d-form of which 
is found in neroli oil and in Peru balsam. 
The corresponding df-compound has been 
obtained synthetically. On oxidation with 
chromic acid it yields famesal. d-Nerolidol 
from neroli oil has M.P. 125°-127°/4 5 mm., 
d» s 0 880, 1-4802, [x) b + 12-18°. 

d-Nerolidol forms a phenyl-urethane of 
M.P. 37°-38° but no crystalline derivatives 
of d/-nerolidol have been obtained. 
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Nervone, C 4 ,H„O t N. 

CII, . (CII,), • CH : CII • (CH,),, • CO 

in 

CII, - (CH,)|, • CH : CII • CH • CII • CH.OH 

A • CH • (CIIOII), • CH • CII,Oil 

I-o—! 


A ccrcbrosidc, crystallizing in needles 
from alcohol, M.P. 180°, soluble in alcohol, 
insoluble in water and ether, [atJ D — 4-33° 
in pyridine. It hydrolyses to n-galactose, 
sphingosinc, and nervonic acid. 

Nervonic acid, cis-14-tctracosnnic acid, 

c* 4 h 4 .o„ 

CH,(CII,) t • CH : CH • <CH,)„ COOH. 

A crystalline powder, M.P. 43°, soluble in 
alcohol and ether. Obtained on the hydro¬ 
lysis of nervone. 

Nessler's reagent. An alkaline solution 
of potassium mercuric iodide used for 
detecting ammonia. It gives a brown 
colour with traces of ammonia, and with 
larger quantities a brown precipitate of 
NH 2 IIg,OI. The official British Pharma¬ 
copoeia solution is made by dissolving 3-5 
grams of potassium iodide and 1-25 
grams of mercuric chloride in 80 millilitres 
of water, adding a saturated solution of 
mercuric chloride till a red precipitate 
remains, adding 12 grams sodium hydrox¬ 
ide and a little more mercuric chloride, and 
making up to 100 millilitres. 

Nessler tubes. Cylinders of thin glass, 
usually graduated at 50 millilitres, and 
used for comparing turbidities and colours 
of solutions. 

Neuberg ester. Fructofuranose - 0 - 
monophosphate. 


from choline and decomposes easily to 
trimcthylaminc. 

Neutralization, heat ol. This is the 
amount of heat evolved by the neutraliza¬ 
tion of 1 gm. equivalent of an acid by 1 gm. 
equivalent of a base. For strong acids 
and strong bases, the heat of neutralization 
is 13,700 calories, because the only reaction 
which is occurring is the formation of 1 gm. 
molecule of water from its ions. 

Neutrino. A hypothetical particle, con¬ 
sisting of an election without a charge, the 
emission of wliich is postulated in order to 
account for the removal of excess energy 
from the nucleus in the course of /?•ray 
radioactive decay. No experimental evi¬ 
dence for the existence of such a particle hns 
yet been obtained, except for the above 
energy discrepancies. If it exists, the 
neutrino would be expected to have an 
enormous range. 

Neutron. The neutron corresponds with 
the nucleus of a hydrogen atom which has 
lost its positive charge, and is thus neutral. 
It is one of the units from which atoms 
appear to be built, and has almost the same 
mass as a hydrogen atom. It was dis¬ 
covered in 1932 by Chadwick, and its mass 
calculated from the energy balance of 
the nuclear photo-electric reaction 

*H + hv -► *H + >n. 
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An ester obtained by partial hydrolysis of 
the Harden-Young ester. It is also present 
in muscle. 

Neurine, Trimethylvinylammonium hy¬ 
droxide, C,H„ON. 

Sv®^ 

ch '/ Vm 

A liquid forming a crystalline hydrate with 
three molecules of water. It is present 
free and combined in brain and other 
animal and vegetable products and is 
formed as a product of the putrefaction of 
lecithin. It can be prepared synthetically 


Newlands, John Alexander Reina (1837- 
1898). Bom at Southwark and educated 
privately, Newlands later studied chemistry 
under Hofmann. After holding several 
junior teaching appointments he became 
chief chemist in a sugar refinery at Victoria 
Docks. In 1864 he noted a certain periodi¬ 
city among the chemical elements and 
announced his law of octaves. 

Newlands’ Law. Sec Octaves, law of. 

Nichols, William Henry (1852-1930). 
Bom at Brooklyn, Nichols studied at the 
Brooklyn Polytechnic Institute and at New 
York University. Combining financial 
genius with a firm belief in the application 
of research to industry, he was responsible 
for the establishment of numerous chemical 
companies and combines. He introduced 
new methods into the sulphuric acid 
industry and revolutionized the copper 
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industry by the development of electrolytic 
relining. He was President of the American 
Chemical Society in 1918-1919. 

Nichrome. The name given to a group 
of alloys containing nickel 80-54 %, chro¬ 
mium 10-22%, iron 4-8-27%, copper 
0-11%, manganese 0-2%, with possible 
small quantities of carbon, silicon, titanium, 
and molybdenum. Individual alloys of 
the group are indicated by a Roman numeral 
after the name. Nichrome is usually used 
for the windings of electrical resistances and 
heaters, because it is not readily oxidized 
at high temperatures. 

Nickel, Ni. At. no. 28, At. wt. 58 69. 
Isotopes in order of abundance : 58, 60, 62, 
61, 64. A hard silver-white metal, M.P. 
1455°, density 8-91. The metal is not 
tarnished in air, is attacked by acids 
except concentrated nitric acid, and is 
resistant to fused sodium hydroxide. 
Nickel crystallizes in two forms: a-Ni has 
the close-packed hexagonal structure, a — 
2-49, c — 4 08 a., and /J-Ni has the cubic 
close-packed structure, a 3-517 a. The 
majority of commercial nickel ores are 
mined in North America, occurring with 
mngnesium as a double silicate or with 
copper ns a double sulphide. These ores 
arc converted to mattes, the double silicate 
being mixed with gypsum (CaS0 4 ). The 
muttes arc then treated by one of the 
following processes: 

(1) Or ford Process. —The matte containing 
Ni,S,, Cu,S, and FeS, after fusing with 
sodium sulphate and coke, separates into 
two layers, the top containing the double 
sulphides of sodium and copper and sodium 
and iron, while the bottom is largely nickel 
sulphide. By repeating this three or four 
times a good separation of sulphides is 
obtained. The impure nickel sulphide is 
then given a chloridizing roast which gives 
nickel oxide and copper chloride, the latter 
being washed out. The nickel oxide is 
reduced with charcoal in a reverberatory 
furnace or refined electrolytically. 

(2) Mond Process.— The matte is treated 
with sulphuric acid to remove the nickel, 
and then the nickel converted to nickel 
carbonyl by treatment in a tower with 
water-gas at 50°-80®. The carbonyl is then 
heated to 200° when nickel is deposited. 

(3) Hybinette Process. —In this case, after 
the matte has been leached with sulphuric 
acid, the residue is cast into anodes. These 
are placed in a nickel sulphate bath and 
electrolysed, a porous diaphragm separating 
anolyte from catholyte to prevent deposition 
of copper. 

Nickel is used in the form of alloys, for 
electroplating, catalysts, etc. See Alloy 


steels. Alloy cast irons, 

Monel. 

Nickel accumulator. The nickel accumu¬ 
lator employs electrodes of ferrous and 
nickel hydroxides respectively in an alka¬ 
line medium, usually potassium hydroxide 
with some lithium hydroxide. On charging 
the ferrous hydroxide is reduced and the 
nickel hydroxide oxidized to the hydrated 
higher oxide. Its discharge-voltage is only 
about 1-2 volts, and as compared with the 
lead accumulator it has a rather low current 
efficiency and is rather more expensive, but 
it has compensating advantages in lower 
weight and greater mechanical strength, for 
the electrode materials are compressed into 
perforated pockets of nickel-plated steel, 
and the accumulator can therefore with¬ 
stand mechanical shocks and high rates 
of charge or discharge. Many modifica¬ 
tions, such as the admixture of other oxides, 
have been proposed, without affecting the 
principle of its operation ; in particular the 
partial replacement of iron by cadmium is 
beneficial. 

Nickelates. When nickel oxide is fused 
with mixtures of potassium nitrate or 
chlorate and hydroxide and the melt ex¬ 
tracted with water a bright green solution 
of potassium nickclatc, K 2 Ni0 4 , is obtained. 
From it the barium salt BaNiO, can be pre¬ 
cipitated. The compounds arc very un¬ 
stable, and soon lose their excess oxygen. 

Nickelammines. Anhydrous salts of 
nickel, such as the chloride, readily absorb 
ammonia gas, swelling up to form white 
voluminous powders with six ammonia 
molecules per nickel atom. Salts of the 
cation [Ni(NH a ) s ]* a arc present in the deep 
blue solutions obtained by uddition of 
excess of ammonia to solutions of nickel 
salts, and many of them have been isolated 
as deep blue or violet crystals. In particular 

[Ni(NH J ).]Cl l , [Ni(NH a ).]Br„ 
and (Ni(NH,) 4 ](C10 4 ) 2 

are well known, being only slightly soluble 
in cold aqueous ammonia. 

In addition to the hexammino-salts, a 
number of lower ammincs, and of mixed 
ammino-hydrates (e.g. (Ni(NH 3 ) 4 ]S0 4 , H 2 0) 
are known. 

These compounds are all decomposed by 
water except in presence of excess of am¬ 
monia, and slowly lose ammonia on ex¬ 
posure to air. 

Nickel ammonium sulphate, 

NiS0 4 , (NH 4 ) ; S0 4 , GHjO, 
crystallizes in bluish-green monoclinic 
prisms from a solution of its component 
salts. It is not very soluble, 100 g. of water 
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dissolving 3 2 g. at 0°, 5 9 g. at 20°, and 
14 4 g. at 50°. 

Nickel arsenide. This compound, NiAs, 
has given its name to an important crystal 
structure type. The structure is hexagonal 
nnd for NiAs, a = 3 61, c = 5 03 a. Many 
compounds of transition metals with 
B-sub-group elements crystallize with this 
structure, for example: CuSn, CrSb, CrSe, 
NiAs, NiSb, NiBi, PtSn, l>tSb, etc. The 
properties of such compounds indicate that 
they arc intermediate between true alloys 
nnd homopolar compounds. The structure 
is illustrated in the accompanying figure. 



The crystal structurc of nickel arsenide. 
(The smaller circles represent nickel atoms.) 

Nickel bromide, NiBr,. The anhydrous 
salt closely resembles the chloride and may 
be obtained by similar methods. The 
hydrate which usually crystnllizes from 
solution is the tri-hydrate, NiBr,, 311,0. 
The hcxahydrale, NiBr,, 011,0, is formed in 
the cold, but melts in its own water at 28-5*. 
Below — 2-5° a nonahydrate. NiBr,. 0H,O, 
is formed. 100 g. of saturated solution 
contain at O’ 53 0 g., and at 100° 00 8 g., 
of NiBr,. 

Nickel carbonates. The green precipitates 
which are thrown down by alkali carbonates 
from solutions of nickel salts arc basic 
carbonates of somewhat indefinite composi¬ 
tion. To prepare the normal carbonate a 
solution of sodium bicarbonate saturated 
with carbon dioxide must be employed, and 
the temperature kept low, when unstable 
green monoclinic crystals of NiCO„ 0H,O 
arc formed. The anhydrous carbonate has 
been obtained as green rhombohedra by 
the action of calcium carbonate on nickel 
chloride solution at 150 5 in a scaled tube. 

Nickel carbonyl, Ni(CO) 4 , a colourless 
liquid that gives off a toxic vapour. Sp. gr. 
1-32, M.P. - 19-7°, B.P. 43°. Prepared 
by passing CO over Ni at about 20 atmo¬ 
spheres pressure and about 45° or at about 
200 atmospheres and nbout 200°. Used 
on a large scale in the preparation of nickel 


by the Mond process, since it is easily 
decomposed into the metal and carbon 
monoxide. 

Nickel chloride, NiCl,. The anhydrous 
chloride sublimes in yellow scales when the 
metal is heated in chlorine. It can also be 
obtained by dehydrating the hydrates in 
an atmosphere of hydrogen chloride. It 
has the cadmium chloride structure, and 
its sp. gr. is 3*52. From its solutions 
the hexuhydrate, NiCl,, 011,0, crystallizes 
in green deliquescent monoclinic prisms, 
soluble in alcohol and very soluble in water. 
100 g. of the saturated solution contain at 
0° 35 0 g., at 20° 30-1 g., nnd at 100° 40-7 g. 
of NiCl,. A number of lower hydrates, 
with 4. 2, and 111,0 have been described. 

Nickel chloride forms a number of double 
salts with chlorides of the alkali group. 
Of these, nickel ammonium chloride, NiCl,, 
NH 4 CI, 0H,O (green, monoclinic) is the 
best known. 

Nickel cyanides. In addition to the 
ordinary nickel cyanide, Ni(CN),, a mono¬ 
cyanide NiCN, in which nickel is univalent, 
exists. Complex cyanides ( q.v.) derived 
from both are known. 

Ni(CN), is formed as a green precipitate 
when an alkali cyanide is added to a solution 
of a nickel salt. It dissolves in excess of 
precipitant. A tetrahydratc, Ni(CN),, 411,0, 
has been obtained in steel-blue leallets. 

NiCN is an orange-yellow precipitate 
formed when the complex cyanide K,Ni(CN), 
is acidified. It is very easily oxidized to 
Ni(CN),. 

Nickel cyanides, complex. Nickel cyanide 
dissolves in excess of alkali cyanide, and 
complex salts of the type M»,Ni(CN) 4 
may be crystallized from the solution. 
K,Ni(CN) 4 ,H,0 is the best-known of these. 
When their solutions arc treated with 
alkali hypobromites the hydrated higher 
oxide is precipitated, whereas the corre¬ 
sponding cobalt solution is converted to the 
very stable cobalticyanide. This fact is the 
basis of an important method for separating 
nickel from cobalt. 

Complex cyanides containing univalent 
nickel, such as the red K,Ni(CN)„ are 
formed when the ordinary cyanide solutions 
are reduced with sodium amalgam. 

Nickel: detection and estimation. The 
most important reagent for nickel is 
aa'-dimcthylglyoxime, 

CH, • C : (NOH) • C : (NOH) • CH„ 

which when added (in alcoholic solution) to 
a boiling solution of a nickel salt precipitates 
bright red crystalline (C 4 H T N,0,),Ni. The 
solution should cither be slightly ammonia- 
cal, or else contain sodium acetate. This is 
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both a very sensitive qualitative test and 
a convenient and accurate quantitative 
determination. For the latter purpose the 
precipitate may be dried at 110’ and weighed 
as such, or ignited to oxide. 

In the ordinary course of qualitative 
analysis nickel is precipitated as sulphide 
from ammoniacal solution, and when the 
other sulphides of the group are dissolved 
in dilute hydrochloric acid nickel and cobalt 
sulphides remain insoluble. They may be 
dissolved in IIC1 + KCIO,, and the gly- 
oxime test applied after neutralization with 
ammonia. Other methods of separating 
cobalt and nickel are the addition of 
an alkali hypobromite to a solution in 
excess of alkali cyanide, when nickel is 
precipitated ns a hydrated higher oxide, or 
treatment with potassium nitrite, when 
potassium cobaltinitritc is precipitated. 

Nickel may be estimated by means of 
dimcthylglyoxime, as indicated above, with¬ 
out interference by cobalt, zinc, or man¬ 
ganese. The method may also be used in 
presence of iron if an excess of tartaric 
acid be added to retain this metal in 
solution. 

Nickel may also be determined clcctro- 
lytically by deposition from a solution con¬ 
taining ammonium sulphate and ammonia. 

A volumetric method has been proposed, 
depending on titration with potassium 
cyanide which forms K,Ni(CN) 4 ; the end¬ 
point is indicated by the excess of cyanide 
dissolving a precipitate of silver iodide, the 
correction for this being determined by a 
blank experiment. 

Nickel fluoride, NiF„ 4H a O, is obtained 
in green rhombic octohedra by evaporation 
of a solution of the hydroxide or carbonate 
in hydrofluoric acid. The anhydrous salt is 
yellowish-green, and forms tetragonal crys¬ 
tals having the rutile structure. A number 
of double salts, such as NiF t , 2NH 4 F, arc 
known. 

Nickel hydroxide, Ni(OII)„ is obtained as 
an apple-green precipitate by the action of 
alkalis on solutions of nickel salts. It can 
be obtained crystalline by boiling its solu¬ 
tion in aqueous ammonia. It is very slightly 
soluble in water (12-7 mg. per litre) and 
dissolves readily in dilute acids, forming 
nickel salts, and in ammonia, forming a 
deep blue solution of an ammino-hydroxidc, 
but it is quite insoluble in caustic alkalis. 
The ammoniacal solution dissolves silk but 
not cotton. 

Nickel iodide. Nil,, crystallizes from solu¬ 
tion os the hexahydrate, Nil,, GH,0. It 
forms bluish-green hygroscopic crystals. 
100 g. of saturated solution contain at 0° 
55-4 and at 100° 65-3 g. of Nil,. 


Nickel nitrate, Ni(NO,)„ crystallizes from 
its solutions at ordinary temperatures as the 
hexahydrate, Ni(NO,)„ 0H,O. This forms 
green monoclinic crystals which deliquesce 
in moist air. At 50-7° they melt in their 
own water, and above this temperature 
the stable solid phase is Ni(NO,)„ 311,0. 

A nonahydraU , Ni(NO,)„ 911,0. crystallizes 
below - 10°. The anhydrous salt cannot 
be obtained by dehydration of the hydrates, 
since it decomposes at about 105°, but it has 
been obtained as a yellow powder by tin- 
action of nitric anhydride on the hydrated 
salts. Nickel nitrate is very soluble in 
water : 100 g. of saturated solution contain 
at 0° 44-3 g., at 20° 49 0 g. and at 100° 77-1 g. 
of Ni(NO,),. 

Nickel nitrites, complex. Nickel nitrite, 
Ni(NO,)„ is only known in solution, but 
stable complex nitrites such as K 4 Ni(NO,) a 
(red octohedra) may be crystallized from 
solutions of their components. 

Nickel oxides. Nickel forms a monoxide, 
NiO, one or more higher oxides of somewhat 
indefinite composition, and a peroxide 
NiO,, *H,0. A number of sub-oxides have 
been described, but they arc probably not 
true compounds. 

NiO is obtained as a green powder by 
ignition of the hydroxide, nitrate, or car¬ 
bonate. At higher temperatures it becomes 
crystalline. It has the rock-salt structure, 
and the sp. gr. calculated from the lattice- 
constant is 6 8. Experimental values range 
from this down to about 0-4, depending on 
the method of preparation. It has an 
appreciable dissociation-pressure at tem¬ 
peratures above 1000°, and it melts at about 
2000 °. It is readily reduced to the metal 
by carbon, hydrogen, or carbon monoxide, 
the reduction by the latter gas beginning at 
temperatures ns low as 120’. It dissolves 
easily in mineral acids, forming nickel salts. 

The higher oxides are formed as indefinite 
hydrates by the action of chlorine on sus¬ 
pensions of nickel hydroxide, or by the 
action of alkaline oxidizing agents such as 
hypobromites on solutions of nickel salts. 
They are brown or black precipitates, 
whose composition may be represented by 
NiO x , t/H,0, where x > 1 < 2. 

Anhydrous oxides of analogous composi¬ 
tion have been obtained by dry methods. 
Definite formula? such as Ni,0 3 , Ni 3 0 4 , and 
also more complex formula; (c.g. NijO.) have 
been attributed to some of these products, 
but it is certain that the atomic ratio Ni : O 
is often greater than 2 :3, and it seems 
probable that they are all mixtures or solid 
solutions of NiO and NiO, or their hydrates. 
Their chemical behaviour is that of poly¬ 
oxides ; they dissolve in hydrocliloric acid 
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with liberation of chlorine, and in sulphuric 
acid with liberation of oxygen ; they oxidize 
ammonia to nitrogen, and they slowly lose 
oxygen on standing. 

Nickel peroxide, NiO„ *H,0, is a quite 
different substance, and may be regarded 
as isomeric with the limiting member of the 
series of oxides referred to above. It is 
formed by the action of hydrogen peroxide 
on nickel hydroxide, and is a green substance 
having the reactions of a true peroxide of 
bivalent nickel. 

Nickel phosphates, Ni^PO,),. 7H,0, is 
formed as a pale green precipitate by the 
addition of sodium hydrogen phosphate to 
a solution of a nickel salt. The hexa- 
metaphosphate lNi(PO,) t J a . and the pyro¬ 
phosphate Ni,P t O T , OIIjO have also been 
described as green precipitates. 

Nickel phosphides. A large number of 
phosphides have been described at various 
times, of which Ni,P, “NiP 0 ," (? Ni 4 P 4 ), 
NiPj, and NiP, appear to be true compounds. 
They are best obtained by heating an alloy 
of nickel and tin with phosphorus in a 
sealed tube, and removing the tin phos¬ 
phides by means of hydrochloric acid. They 
are inert grey or black substances of more 
or less metallic appearance, unufTectcd by 
hydrochloric acid, but attacked by aqua 
regia. 

Nickel-silver. The name given to alloys 
containing 10 %-30 % Ni, 5 %-45 % Zn, 
and the rest copper. These alloys have 
been widely used in the past for cutlery, 
tableware, etc., and now such articles as 
cocks, taps, ornamental castings, are made 
of them. The actual composition varies 
for castings of different classes and small 
amounts of tin, lead, and manganese arc 
often added. 

Nickel sulphate, NiS0 4 , crystallizes at 
ordinary temperatures as the heptahydrate 
NiS0 4 , 711,0. This forms green rhombic 
prisms isoinorphous with ferrous sulphate 
heptahydrate, and hence sometimes called 
nickel vitriol. Crystallization at higher 
temperatures yields the hexahydrate 
NiS0 4 , GH,0, of which there arc two 
modifications: blue, tetragonal pyramids, 
and green, monoclinic. The blue hexa- 
hydratc is the stable solid phase above 
31-5®, and the transition to the green form 
is at 53-3*. Lower hydrates with 4, 2, and 
HI t O are known. The monohydrate 
NiSO,, H,0 is formed when the other 
hydrates are heated at 100’, and it is pre¬ 
cipitated from solutions of nickel sulphate 
by concentrated sulphuric acid. As is 
usual with the sulphates of the vitriol 
group, the last molecule of water is firmly 
bound, and cannot be expelled below 280°, at 


which temperature the anhydrous sulphnte, 
a yellow hygroscopic powder, is obtained. 

Nickel sulphate is readily soluble ; 100 g. 
of water dissolve at 0° 27-2 g. and at 90° 
7G-7 g. of NiSO,. 

Double sulphates with the alkali sulphates, 
of the type NiSO,, M'.SG*. 0H,O, exist. 
Of these the best known is nickel nm- 
monium sulphate (q.v.). 

Nickel sulphides. The best-known sul¬ 
phide of nickel is the inono-sulphide NiS. 
When prepared in the dry way it forms a 
bronze-like inass, insoluble in hydrochloric 
or sulphuric acid, but soluble in nitric acid. 
When precipitated in the wet way it is 
insoluble in dilute hydrochloric acid, yet it 
cannot be precipitated in presence of this 
reagent. This behaviour is due to the fact 
that there are three modifications, a-, 0-, 
and y-NiS. a-NiS is first formed, and is 
readily soluble in dilute acids, but rapidly 
changes over into the less soluble 0- and 
y-modificalions. The a-modification has 
not been obtained pure, but u specimen 
containing 85 % of it is formed by slow pre¬ 
cipitation from dilute solutions of a nickel 
salt and an alkali sulphide in absence of air. 
On standing, especially under a solution in 
which it is slightly soluble, it forms the 
0- and y-modifications. The 0-sulphide is 
insoluble in cold dilute hydrochloric acid, 
and results from the action of hydrogen 
sulphide on solutions containing nickel 
acetate and acetic acid, whilst the y-sulphidc 
is insoluble in boiling 2N-HCI, nnd remains 
when the mixed sulphides are boiled with 
this reagent. 

Study of the equilibrium relationships in 
the nickel-sulphur system indicates that 
a number of other compounds, namely 
Ni,S„ Ni,S„ and NiS„ exist. 

“ Nickel vitriol.” See Nickel sulphate. 

Nicol prism. A calcitc crystal, cut in 
such a way that only one of the refracted 
rays emerges, the other being returned by 
total internal reflexion in the direction of 
the light source. Since the two refracted 
rays produced when a beam of light enters 
a calcite crystal are plane polarized in 
directions which arc mutually at right 
angles, the light emerging from a Nicol 
prism is plane-polarized. 

Nicotine, C 10 H i 4 N,. 

H,C—CH, 

H,i d:H—^ y 

\y n / 

N • CH, 

A strongly basic, hevorotatory liquid, with 
a smell resembling pyridine, B.P. 240°/730-5 
mm. Miscible with water below 60° and 
above 210°, volatile in steam. Very soluble 
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in alcohol and ether. It turns brown in air. 
It occurs in the tobacco plant combined 
with citric and malic acids, and is extracted 
by treating a mixture of tobacco, lime, and 
caustic soda with trichlorcthylcne. The 
extract is concentrated, extracted with sul¬ 
phuric acid, the alkaloid freed by treatment 
with alkali, extracted into an ether- 
petroleum mixture, and distilled. Nicotine 
is largely used as an insecticide. It is highly 
poisonous to man, the fatal dose being about 
40 milligrammes. Tobacco contains be¬ 
tween 0 5 and 3 % of nicotine. 

Nicotinic acid. C,H s O,N. Crystallizes in 
white needles, M.P. 232°, 
soluble in hot water and { x ,COOH 
alcohol. It can be prepared 
by oxidizing nicotine with a 
variety of agents or, more 
cheaply, from pyridine or 
quinoline. Nicotinic acid is an essential 
component of mammalian diet ; it is, in 
fact, the pellagra-preventing factor of 
vitamin B or a precursor of it. Its amide, 
nicotinamide, is a constituent of codehydro- 
genase II, a co-enzyme concerned in the 
oxidation-reduction mechanism of the body. 

Nicrosilal. An austenitic alloy cast-iron 
containing about 18 % Ni and 4 % to 0 % 
Si. It is of use in high-tempcraturc work, 
combining as it docs high corrosion, heat, and 
oxidation resistance. See Ni-rcsist, Nomag. 

Nielsen propeller. A type of packing 
frequently used in absorption towers. 
Consists of hollow pottery prisms which 
arc twisted through a small angle. 

Nieuwland, Julius Arthur (1878-1936). 
Born at Ilansbekc, Belgium, Nieuwland was 
taken to the United States when three years 
of age. He was educated at Notre Dame 
University, Indiana, where he became 
professor of organic chemistry in 1923. 
His most important researches were on 
acetylene, and his preparation of divinyl- 
acetylene and monovinylacctylcne formed 
the basis of work leading to the production 
of the artificial rubber “ Duprenc.” He 
also played an important part in the 
discovery and development of Lewisite. 

Ni-Hard. An alloy cast iron containing 
4$ % Ni and 1J % Cr. This alloy is finding 
increasing use in engineering where abrasion 
resistance, combined with hardness and 
toughness, is required. 

Nikethamide, coramine, N-diethylnico- 
tinamide, C 10 H, 4 ON,. 

A colourless oily liquid 
or crystalline solid, 

F.P. 22°-24°. Miscible 
in water, soluble in 
organic solvents. It 
is prepared from nicotinic acid and thionvl 
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chloride. It is a powerful cardiac stimulant 
administered either orally or by injection in 
cases of collapse due to shock or to heart or 
respiratory failure. 

Nilson, Fredrik (1840-1899). Born in 
East Gothland, Nilson studied at the 
University of Upsala before engaging in 
mineralogical research with Sven Otto 
Pctterson. In 1878 Nilson was appointed 
professor of analytical chemistry at the 
University of Upsala and in 1883 was 
transferred to the Agricultural Academy at 
Stockholm. By the employment of a 
potash fertilizer he converted the calcareous 
moors of the Island of Gothland into land 
suitable for the growth of sugar beet. Sec 
Mem. Lect., J. Chem. Soc., 1900, p. 1277. 

Ninhydrin reaction. Proteins and all 
amino-acids (but not proline or hydroxy- 
proline) give a blue colour on boiling with 
triketo-hydrindene-hydrate (ninhydrin), 
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Niobic acid and niobates. The term 
“ niobic acid *’ has been applied to the 
hydrated forms of niobium pentoxidc which 
arc formed on hydrolysis of the penta- 
ehloridc or oxychloride, or by the action of 
mineral acids on solutions of niobates; the 
white powders produced in this way con¬ 
tain varying amounts of water, all of which 
may be driven off by heating to 300°. 
They arc now regarded as gels of niobium 
pentoxidc. When freshly precipitated, 
the gels arc soluble in acids and in alkali 
solutions, but the solubility decreases on 
heating or after standing. Numerous nio- 
Imtcs, frequently of complex and somewhat 
indefinite composition, have been de¬ 
scribed ; only those of the alkali metals 
arc soluble in water. 

Niobioxyfluorides. A large group of com¬ 
pounds which may be regarded as double 
salts of metallic fluorides with niobium 
oxylluoride, NbOF,. The potassium salt 
K t NbOFj, H t O, is used in the separation of 
niobium and tantalum. It is prepared by 
crystallizing a solution of niobic acid in 
hydrofluoric ucid, to which potassium 
fluoride has been added, and forms colour¬ 
less crystals soluble in 13 parts of water at 
20 °. Other niobioxyfluorides are prepared 
by similar methods. 

Niobiperoxyfluorides. The salts 

Na,NbO.F # ,H t O, K t NbO t F 6 ,H t O, 

and Rb,NbO.F s , HjO, known as niobiper- 
oxyfluorides, which form colourless or pale 
yellow crystalline solids, are of interest in 
that they contain heptavalent niobium. 
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Niobium (Columbium), Nb (Cb). At. no. 
•U, At. wt. 92 01. (The name ** niobium ” 
is now adopted by agreement in most 
European literature, but ** columbium " is 
still used extensively in America.) A 
metallic element, occurring in small quan¬ 
tities in numerous minerals, almost in¬ 
variably as the pentoxidc Nb t O,. In 
nature niobium is always associated with 
the rather less rare element tantalum, to 
which it shows close similarity in chemical 
properties. The principal niobium mineral 
is columbitc or niobite, a niobatc of iron 
and manganese, in which the niobium is to 
some extent replaced by tantalum; speci¬ 
mens rich in tantalum are known as tan- 
talitc. This mineral is of frequent occur¬ 
rence particularly in Western Australia. 
The extraction of niobium from its minerals 
is generally effected by fusion with an 
alkali, or an alkali carbonate or bisulphatc; 
the product is extracted with water, and the 
solution of alkali niobatc and tantalate 
decomposed by boiling, when the pcntoxidcs 
Nb,O s and Ta,0, arc precipitated ; these arc 
then treated by special methods to remove 
other elements, particularly titanium. 

Metallic niobium is grey, or white when 
polished, the polished surface becoming 
slightly yellowish on exposure to air. Some 
methods of preparation give the metal as a 
fine black powder. Sp. gr. 8 53, M.P. 1700’, 
sp. heat. 0 071. Crystalliz.es with the body- 
centred cubic structure, a — 3-30 a. Nio¬ 
bium is said to be less malleable and ductile 
than tnntalum, except in the annealed 
state. It is harder than wrought iron, and 
can be welded. The crystals of the metal 
arc cubic, of a similar structure to those 
of tungsten. 

Niobium boride, NbB,. A hard grey 
crystalline solid, sp. gr. 0-4, prepared by 
electrolysis at 1000’ of a mixture of nio¬ 
bium pentoxidc with the borate and fluoride 
of an alkali or alkaline-earth metal (e.g. 
calcium). The product is treated with 
dilute hydrochloric and nitric acids, which 
leave the boride as an insoluble residue. 
Niobium boride is readily oxidized by air 
on heating. 

Niobium carbide, NbC. A grey or brown 
crystalline solid of great hardness (9-10); 
sp. gr. 8-2. M.P. 4000°, B.P. 4300°. 
Produced on heating a mixture of niobium 
trioxidc and carbon to 1200° in hydrogen. 

Niobium chlorides, Niobium pentachloride, 
NbClj. Yellow needle crystals, sp. gr. 2-73- 
2 77, M.P. 194®, B.P. 241®, prepared by 
heating niobium or a mixture of niobium 
pentoxidc and carbon in chlorine; it is 
diflicult to separate from the oxychloride, 


NbOCI,, which is formed when the pent- 
oxide is used. Niobium pcntachloridc is 
hydrolysed by water, giving niohic acids; 
it is soluble in carbon tetrachloride, chloro¬ 
form, and alcohol, and very soluble in carbon 
disulphide. It reacts at a red heat with nio¬ 
bium pentoxidc, giving niobium oxychloride, 

NbOCI,. 

Niobium trichloride, NbCI,. A black 
crystalline solid, resembling iodine in appear¬ 
ance, formed by passing niobium peuta- 
chloridc vapour through a red-hot tube. 

It is oxidized on exposure to air, and gives 
niobium oxychloride, NbOCI,, and carbon 
monoxide on heating in carl>on dioxide. 

Niobium hydride, Nbll. A grey or black 
powder having the approximate composition 
of a niobium hydride, Nbll, has been pre¬ 
pared by heating niobium in hydrogen, nnd 
by other methods. 

Niobium nitrides, NbN and Nb,N,. The 
nitride NbN forms a grey powder, M.P. 
2050°, prepared by heating niobium pent- 
oxide with carbon in nitrogen at 1250°. 
The nitride Nb,N, is obtained by prolonged 
heating of niobium in nitrogen, at 1000®. 

Niobium oxides, Niobium monoxide, NbO 
(or Nb,0,). A black powder prepared 
by reducing the compound K,NbOF, with 
sodium, or by heating the oxychloride 
NbOCI, with mngnesium. It is a reducing 
agent, reacting readily with oxygen and 
chlorine, giving Nb t O, nnd NbOCI,, re¬ 
spectively. It dissolves in hydrochloric 
acid with evolution of hydrogen. The 
existence of the monoxide as a definite 
compound is doubtful. 

Niobium dioxide, NbO, (or Nb,0 4 ). 
A bluish-black powder obtained by heating 
the pentoxidc with carbon, or in hydrogen. 
Unattaeked by acids, but oxidized to the 
pentoxidc on heating in air. 

Niobium pentoxide, Nb,O t . A white 
powder, becoming yellow on heating; the 
sp. gr. varies with the method of prepara¬ 
tion, varying from 4-37 to 5-02; M.P. 
1200®-1250®. Prepared by heating niobium 
or a lower oxide in oxygen, or by igniting 
the hydrated oxide precipitated by boiling 
a solution of an alkali niobatc. After 
ignition the pentoxide resists attack by 
acids, except hydrofluoric acid. Fused 
alkalis or alkali carbonates or bisulphatcs 
readily react, giving niobates. 

Niobium sesquioxide, or trioxide, Nb,0,. 
A bluish-black powder prepared by heating 
the pentoxide with magnesium and dis¬ 
solving away the excess magnesium and 
magnesium oxide with hydrochloric acid. 
Insoluble in acids and alkalis. Converted 
to the pentoxide on heating in air. 
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Niobium oxybromide, NbOBr,. A yellow 
solid, closely resembling the oxychloride in 
its properties and method of preparation. 

Niobium oxychloride, NbOCI,. A white 
silky crystalline solid, which can be sublimed 
at 400°. Prepared by the action of chlorine 
on a mixture of niobium pentoxide and 
carbon previously heated in a stream of 
carbon dioxide. The oxychloride is readily 
hydrolysed by water to niobic acids, and is 
slowly decomposed by moist air. Several 
niobioxychlorides (c.g. Cs,NbOCI t ), corre¬ 
sponding with the better-known niobi- 
oxyfluoridcs, have been prepared. 

Niobium oxyfluoride, NbOF,. Small 
colourless birefringent crystals, prepared by 
passing hydrogen chloride over a mixture 
of niobium pentoxide and calcium fluoride, 
at a red heat. The existence of this oxy- 
fluoridc in a free state has been disputed ; 
double salts with metallic fluorides (the 
“ niobioxyfluorides,’* e.g. 

Na,NbOF„ (NH 4 ),NbOF„ ZnNbOF,. 611,0 

arc, however, well established. 

Niobium pentabromide, NbBr,. A red 
powder or red crystals, M.P. about 150°, 
volatilizing without decomposition in nitro¬ 
gen or carbon dioxide at about 270®. Pre¬ 
pared by the action of bromine vapour on 
gently heated powdered niobium. Readily 
decomposed by water to niobic acids, and 
slowly transformed into the oxybromide, 
NbOBr,, in contact with air. 

Niobium pentafluoride, NbF,. Colour¬ 
less, strongly refractive, inonoclinic prisms ; 
sp. gr. 3 20, M.P. 75 5®, B.P. 217®-220®. 
Prepared by the action of fluorine on 
niobium at 250®, or by the action of 
anhydrous hydrogen fluoride on niobium 
pentachloridc in a freezing mixture; in 
cither case the product is purifled by dis¬ 
tillation, using platinum apparatus. The 
pentafluoride is very hygroscopic and dis¬ 
solves in water, giving a solution from which 
niobic acid is precipitated on adding am¬ 
monia. Double fluorides (e.g. K,NbF„ 
Cs 7 NbF„) are very readily formed by 
niobium pentafluoride and fluorides of 
other metals. 

Niobium phosphide, NbP. A greyish- 
black powder prepared by heating red 
phosphorus and niobium to 550®. It burns 
readily on heating in air. 

Niobium sulphides, NbS, and Nb,S s . 
The sulphide NbS, is a black powder pre¬ 
pared by heating niobium with sulphur. 
Nb,S, is formed from niobium pentoxide, 
hydrogen sulphide, and carbon disulphide, 

at 1000°. 


Ni-Resist. An austenitic alloy cast iron, 
containing approximately 14 % Ni, 0 % Cu, 
and 2 % Cr. It has good corrosion-resisting 
properties combined w ith high wear and heat 
resistance. See also Nicrosilal, Nomag. 

Niton. Sec Radon. 

Nitrate. A salt derived from nitric acid, 
HNO„ and containing the univalent nitrate 
ion (NO,)*. All simple inorganic nitrates 
dissolve in water, and may be detected in 
solution by production of ammonia when 
reduced by Dcvarda’s alloy and sodium 
hydroxide. Nitrates decompose when 
heated, ammonium nitrate forming nitrous 
oxide and water, the alkali-metal nitrates 
forming nitrites and oxygen, and nitrates 
of the heavy metals forming either the 
metal or its oxide, with evolution of 
oxides of nitrogen and, in some cases, free 
oxygen. 

Nitration. Sec Nitro compounds. 

Nitric acid, I1NO,. A colourless liquid, 
sp. gr. 1*52, freezing to colourless crystals, 
M.P. — 41-3®. Normally occurs commer¬ 
cially as “ concentrated nitric acid ” of 
constant B.P. 120-5® and sp. gr. 1-40, con¬ 
taining 08 % UNO,; the acid is often 
coloured yellow by dissolved oxides of 
nitrogen. Processes for the manufacture 
of nitric acid utilizing the nitrogen and 
oxygen of the atmosphere arc of consider¬ 
able importance. In the Birkcland-Kyde 
process, used extensively in Norway, air is 
heated to 3000° by passage through a 
powerful electric urc, drawn out into a disc 
of flame by means of an electromagnet; at 
this temperature partial combination of 
nitrogen and oxygen occurs, and after rapid 
cooling to about 1000® the gases from the 
arc furnace contain 1 % of nitric oxide. On 
further cooling this is converted by the 
excess of oxygen present to nitrogen 
dioxide. The cold gases are pnssed through 
several large absorption towers in which 
water is circulated, and dilute nitric acid is 
obtained 

(2NO, + 11,0 UNO, + UNO,; 

3HNO, ^ UNO, + 2NO + H t O ; 

2 NO + O, = 2NO„ etc.) 

The final traces of nitrogen dioxide are 
removed by treating the gas with sodium 
carbonate solution, giving sodium nitrite as 
a by-product. The nitric acid obtained in 
this process may be neutralized with lime, 
giving the commercially important calcium 
nitrate (“Norwegian saltpetre”); or a 
more concentrated acid is obtained by 
distilling with strong sulphuric acid. The 
Birkeland-Eyde process is not highly 
efficient, but it may be worked economically 
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where water-power is available and elec¬ 
tricity is cheap. Nitric acid is also manu¬ 
factured by oxidation of ammonia, which is 
generally synthesized by the Haber process 
(see Ammonia); a mixture of ammonia and 
7-8 volumes of dust-free air is passed rapidly 
through platinum gauze ; this is first heated 
electrically to about 500°, the temperature 
afterwards being maintained by the heat of 
the reaction without external aid. Cataly¬ 
tic oxidation occurs at the gauze, and 00 % 
of the ammonia is converted to nitric oxide ; 
this is treated as in the previous process, or 
the nitrogen dioxide formed on cooling is 
passed into milk of lime, ultimately giving 
calcium nitrate. Nitric acid is also manu¬ 
factured by distilling sodium nitrate (“ Chile 
saltpetre,” the chief mineral source of 
nitrates) with concentrated sulphuric acid. 
Distillation of sodium or potassium nitrate 
and sulphuric acid with a little starch, 
which partially reduces the nitric acid 
formed, gives a yellow “ fuming nitric acid,” 
a strong oxidizing agent, which contains 
excess oxides of nitrogen. Chemically, 
nitric acid is a strong acid, but the majority 
of its important reactions arc due to its 
oxidizing action. Most metals are con¬ 
verted to their nitrates with evolution of 
oxides of nitrogen, the composition of the 
mixture of oxides formed depending chiefly 
on the concentration of the acid, the metal 
used, and the temperature of the reaction. 
Some non-metals (c.g. sulphur, phosphorus, 
iodine) react giving oxy-acids such as iodic 
and phosphorous or phosphoric acids. Or¬ 
ganic substances such as sawdust or alcohol 
react violently, although the more stable 
aromatic compounds (benzene, toluene, etc.) 
arc converted to the corresponding nitro¬ 
compounds by controllable reactions. The 
nitrates, salts of nitric acid, arc stable com¬ 
pounds which, like the parent acid, arc 
oxidizing agents. All metallic nitrates are 
soluble in water. On heating, most nitrates 
decompose, leaving the oxide of the metal 
and evolving nitrogen dioxide and oxygen ; 
sodium and potassium nitrates, however, 
give the. corresponding nitrites and oxygen 
while ammonium nitrate decomposes to 
nitrous oxide and steam. Nitrates are con¬ 
veniently identified by the “brown ring” 
test; ferrous sulphate is added to the cold 
solution to be tested, and concentrated sul¬ 
phuric acid added down the side of the test 
tube; in presence of nitrate a brown or 
black ring is formed at the junction of the 
two liquids. This test is unreliable in 
presence of bromide or iodide (which also 
give coloured rings) ; a sounder test is 
reduction to ammonia by nascent hydrogen, 
c.g. from Dcvarda’s alloy and caustic 


soda. Nitric acid and the nitrates (par¬ 
ticularly those of sodium, potassium, 
calcium, and ammonium) arc of great 
commercial importance; practically all 
modern explosives contain high propor¬ 
tions of ammonium nitrate or organic 
nitro-compounds. Nitrates are also em¬ 
ployed as fertilizers. 

Nitric oxide, NO. A colourless gas, 
slightly denser than air, giving a blue 
liquid, B.P. — 152°, F.P. -104°; the 
criticol temperature and pressure are 
— 00° and G4 atmospheres. The gas is 
practically insoluble in water, a convenient 
solvent being ferrous sulphate solution, 
which rapidly absorbs the gas in the cold 
owing to the formation of a compound 
FcSO,, NO, ond evolves the nitric oxide 
again on heating. Nitric oxide is prepared 
in the laboratory by the action of nitric 
acid (1 vol. of concentrated acid to 1 vol. 
of water) on copper turnings ; the rather 
impure product is purified by absorption in 
ferrous sulphate solution, ns described 
above. Pure nitric oxide is also prepared by 
the action of mercury on a mixture of nitric 
and sulphuric acids. On the commercial 
scale, in the manufacture of nitric acid, 
nitric oxide is prepared in large quantities 
by direct union of the elements in an electric 
are, or by catalytic oxidation of ammonia. 
Nitric oxide is the most stable oxide of 
nitrogen, decomposing only above HUMP. 

Nitridiog. A method of case-hardening 
steel by treating it for several hours in an 
atmosphere of ammonia. It has the advant¬ 
age over case-hardening with carbon that 
no quenching is required, and so there is less 
tendency for treated parts to be distorted. 

Nitriles are organic cyanides, and contain 
the —C a N group. They arc colourless 
liquids or solids, with peculiar but not un¬ 
pleasant odours. Solubility in water de¬ 
creases with increasing molecular weight. 
Soluble in alcohol and ether. They arc 
formed by heating amides with phosphorus 
pentoxide or by treating halogen com¬ 
pounds with sodium cyanide. They are 
decomposed by acids or alkalis to give 
carboxylic acids containing the same 
number of carbon atoms as the nitrile. 
Reduced to primary amines. 

m-Nitroaniline, C,H,O t N t . It forms yellow 
needles, M.P. 114°, B.P. 285°. 

Insoluble in cold water, easily in 
hot water, alcohol, and ether. 

It is prepared by reduction N0 
with sodium sulphide of one of \ 
the nitro - groups in m-dinitro¬ 
benzene. 

It is used as a first component in the 
preparation of azo-dyes. 
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p -Nitroaniline. C.H.O.N,. It forms yellow 
crystals, M.P. 14T>. Insoluble in 
cold water, readily soluble in hot 
water and in alcohol. Not volatile 


NH, 



It is also 



in steam. . 

It is easily prepared in a very 
pure state by heating p-nitrochloro- 
benzcne with concentrated aqueous 
ammonia in an autoclave at 170°. I 
prepared by alkaline hydrolysis of p- mtro- 
acctanilide. A third route is by nitrating 
and hydrolysing benzylidencanilme. 

It is an important dyestuffs intermediate, 
being used as a first component in azo-dyes 
and also as a source of p-phcnylenediamine. 

o-Nitroanisole, C T H 7 0,N. It is a colour¬ 
less oil, M.P. 9-4°, B.P. 273°, 
sp. gr. 1254 at 20°. 

It is prepared by heating o- 
nitrochlorobenzene with sodium 
methoxide or by methylating 
o-nit rophenol with methyl 
chloride. 

It is reduced to o-amsidinc by iron and 
hydrochloric acid. 

Nitroanthraquinones. The direct nitra¬ 
tion of onthraquinone results chiefly in 
substitution at the a-positions, 1-nitro- and 
1 ; 5- and 1 :8-dinitro-anthraquinones being 
obtained. Owing to the difficulty of pre¬ 
paring the pure compounds most anthra- 
quinonc derivatives arc obtained from the 
sulphonated anthrnquinoncs. 

1-Nitroanthraquinone, M.P. 228°, is pre¬ 
pared by nitrating anthrnquinonc in sul¬ 
phuric acid with a slight excess of nitric 
acid. The nitro-group is very reactive in 
this position and is easily replaced by 
chlorine when the gas is passed into a 
sulphuric acid solution of the nitro-com- 
pound. Heating with aqueous pyridine 
causes replacement by hydroxyl. It is 
reduced to 1-aminoanthraquinonc by treat¬ 
ment with sodium sulphide. 

Nitroanthraquinones in which the sub¬ 
stituent is in the 0(2)- position cannot be 
obtained by direct methods. 

Nitrobenzene, C,H s O,N. Colourless highly 
refractive liquid with characteristic 
smell, M.P. 3-6°, B.P. 209°, density NO * 
at 15° 1-209. Insoluble in water, 
miscible in all proportions with 
alcohol, ether, and benzene, easily 
volatile in steam. 

It is prepared by treating benzene with 
a mixture of sulphuric and nitric acids. 

Used in perfumery (oil of mirbane). It 
is the chief commercial source of aniline. 

Further nitration gives m-dinitrobenzene : 
sulphonation gives m-nitrobenzene sulphonic 
acid. Reduction gives first azoxybenzene, 
then azobenzene and aniline depending 


upon the conditions. Reduction to aniline 
is brought about by iron and a trace 
of hydrochloric acid (“ neutral iron 
reduction ”). 

Nitrocellulose is a material of somewhat 
variable composition prepared by treating 
purified cotton waste with a mixture of 
nitric and sulphuric acids ; the product, 
which in appearance closely resembles the 
original cotton, is washed free from acid 
and traces of sulphuric acid esters, beaten 
to a pulp, and pressed into loose blocks. 
The degree of nitration can be varied by 
suitable adjustment of the acid strength 
and the temperature and the time of treat¬ 
ment. “ Guncotton ” contains about 13 % 
of nitrogen, and is almost insoluble in a 
mixture of ethyl alcohol and diethyl ether ; 

“ collodion cotton ” contains 12-3 % of 
nitrogen, or less, is soluble in the above 
solvent, and is used in the manufacture of 
cordite and gelignite. Grades of nitro¬ 
cellulose containing less than 12 % of 
nitrogen arc used in the preparation of 
lacquers and paints. 

Nitro-chalk. A mixed fertilizer produced 
by Imperial Chemical Industries. It con¬ 
tains 48 % of calcium carbonate mixed 
with ammonium nitrate. The nitrogen 
content is 15J %. 

Nitrochlorobenzenes, C,H 4 0,NC1. 

o-Nitrochlorobenzene 
forms needle-shaped crys¬ 
tals, M.P. 32 5°, B.P. 245 5° ( y* 0 * 

(753 mm.). 

p-Nitrochlorobcnz'cnc 
forms prisms or leaflets, 

M.P. 83°, B.P. 238-5° (753 mm.). 

A mixture of the two mononitro-chloro- 
bcnzcncs is prepared by nitration of chloro¬ 
benzene ; the mixture can be separated by 
repeated fractional distillations. Further 
nitration of the mixture or of either of the 
mononitro-compounds gives 2:4-dinitro- 
chlorobcnzcne, M.P. 51°, B.P. 315°. 

The nitrochlorobenzenes arc valuable 
dyestuffs intermediates. The presence of 
the nitro-groups makes the chlorine atom 
very reactive and easily replaceable. Treat¬ 
ment with ammonia or dilute alkalis sub¬ 
stitutes an amino-or hydroxy-group for the 
chlorine atom and gives rise to a series of 
nitroanilincs and nitrophenols. 

Nitro-compounds (aromatic). These form 
a large group of compounds which contain 
the nitro-group -NO,. 

Generally speaking the nitro-compounds 
arc prepared by the direct action of nitric 
acid, the strength of the acid and the 
temperature of reaction being varied 
according to the reactivity of the com¬ 
pound, and the number of nitro-groups 
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which it is required to introduce. The 
reaction is greatly facilitated if a mixture 
of nitric and sulphuric acid is used. 

In the nitration of benzene m-dinitro- 
ond sym - trinitrobenzcncs arc obtained 
under more vigorous conditions. With 
naphthalene, a-nitronnphthalcnc is the 
first product and further nitration gives a 
mixture of 1:5- and 1:8-dinitronaphthalenes; 
/?-nitronaphthalcnc is never obtained. 

The nitro-hydrocarbons are neutral sub¬ 
stances but when a nitro-group is intro¬ 
duced into a phenol or amine the acidic 
properties arc greatly increased or the 
basicity decreased. The presence of a nitro- 
group nlso tends to make halogen atoms in 
the same molecule much more reactive. 

On reduction, the nitro-compounds give 
rise to a scries of products, c.g. 


and 33-5 atmospheres, res|K*ctivcly. The 
gas is slightly soluble in water. The pres¬ 
ence in the atmosphere of a gas which does 
not support combustion (nitrogen) was 
recognized by Schcclc (1772); Lavoisier 
later named the gas “ azote.” Priestley 
(1772) regarded nitrogen as air saturated 
with “ phlogiston.” Atmospheric air nor¬ 
mally contains 75-5 % of nitrogen by 
weight (78 00 % by volume). The gas 
obtained on absorbing the oxygen from 
air (e.g. by passing over heated copper) 
consists, in the absence of car!>on dioxide 
and water vapour, of nitrogen containing 
a small proportion of argon and other inert 
gases, which occur to the extent of about 
1*8 % by weight (0 01 % by volume) in 
the atmosphere. Nitrogen also occurs 
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The most important outlet commercially 
for the nitro-compounds is the complete 
reduction to the amines. This is usually 
done in one stage by a reduction with iron 
and a small amount of hydrochloric acid. 

Some nitro-compounds arc themselves 
coloured and can be used as dyestuffs, e.g. 
picric acid. In this ease the nitro-group 
can be considered to be the colour-producing 
44 chromophoric ” group. 

Nitro-dyes are the salts of the various 
nitrophenols (or their sulphonic acids). 
Though many of the nitrophenols, as, for 
example, p-nitrophenol, arc colourless, 
their salts arc coloured. The nitro colours 
arc acid dyestuffs. The nitro-compounds 
were formerly very largely used for the 
purpose of dyeing wool and silk. Owing 
to their fugitive character they arc now 
replaced by the yellow azo-dyes. They 
have all a more or less pronounced colour; 
their salts arc explosive, and they are 
poisonous. Typical examples are ; Picric 
acid, Martius’ yellow (Manchester yellow), 
Naphtol yellow. See these articles. 

Nitrogen, N,. At. no. 7, At. wt. 14 008. 
A colourless, odourless gas, very slightly 
lighter than air, condensing to a colourless 
liquid, B.P. — 196°, which freezes to a 
white crystalline solid, M.P. — 210°. The 
critical temperature and pressure arc — 147° 


in nature as nitrates (c.g. in the Chilcun 
nitrate deposits), ammonia, and ammonium 
salts, and as proteins (containing about 
16 % of nitrogen) in animal and vegetable 
tissues. On a large scale nitrogen is ob¬ 
tained chiefly by fractional distillation of 
liquid air; in the laboratory it is con¬ 
veniently prepared by heating a solution 
of sodium nitrite and ammonium chloride, 
the gas being freed from traces of nitric 
oxide and oxygen by passing through 
acidified potassium dichromatc solution 
and over red-hot copper. The purest 
nitrogen is obtained by heating barium or 
sodium azides. Chemically nitrogen is 
very inert. It docs not support com¬ 
bustion. The gas combines with heated 
alkali or alkaline-earth metals (c.g. Li, Ca), 
and with certain other elements, giving 
nitrides (e.g. Li,N, Ca,N,), in which nitrogen 
is tervalent. Nitrogen combines directly 
with hydrogen under the influence of a 
catalyst, such as iron and molybdenum, 
forming ammonia; nitrogen also combines 
with oxygen, particularly in the electric 
arc, giving nitric oxide in small quantity. 
Both these reactions are of considerable 
commercial importance. Heated calcium 
carbide absorbs nitrogen, forming calcium 
cyanamide, CaCN,; this yields ammonia 
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on treatment with steam. Cyanides are 
formed by the action of nitrogen on a 
heated mixture of an alkali-metal hydroxide 
and carbon. “ Active nitrogen ” is a much 
more reactive, unstable form of the gas, 
prepared by the action of a high-tension 
electric discharge on ordinary nitrogen ; it 
emits a yellow glow. Commercially, nitro¬ 
gen is used chiclly in the large-scale syn¬ 
thesis of ammonia. It is also used to pro¬ 
duce an inert atmosphere in certain chemical 
and metallurgical processes. 

Nitrogen fixation. The use of atmospheric 
nitrogen in the manufacture of commer¬ 
cially important nitrogen compounds, chiefly 
nitric acid, ammonia, and ammonium salts. 
Conversion to ammonia ( q.v .) is effected by 
the Haber process, and nitric acid is obtained 
by the Blrkeland-Eydc and other electric 
arc processes. Nitrogen-fixation processes 
arc of national importance in view of possible 
isolation from other sources of nitrogenous 
compounds in time of war. 

Nitrogen iodide. A black solid, known 
as “ nitrogen iodide," and having the for¬ 
mula NH, • NIj, is formed on mixing 
alcoholic solutions of iodine and ammonia. 
The solid is stable when moist, but when 
dry explodes on slight mechanical shock. 
It is a strong oxidi/.ing agent. The true 
nitrogen tri-iodide, NI„ is a black powder 
obtained by passing ammonia gas over the 
suit KIHr„ and rapidly washing the residue 
with water. 

“Nitrogen Mustards.*’ The name given 
to certain poly-(0-chloroethyl)-amincs with 
the general formula 

CH,CH,CI 
R—N<^ 

CH,CH t CI 

in which R is an alkyl, alkylamine, or 
alkyl chloride group. These have vesicant 
and other properties similar to those of 
mustard gas, including an action on cells 
resembling that of X-rays. They have 
been used in place of radiation therapy in the 
treatment of leukajmia, Hodgkin's disease, 
and similar conditions. 

Nitrogen oxides, Nitrous oxide, N,0. A 
colourless gas with a faintly sweet odour 
and taste, B.P. - 88-7°, M.P. - 102°, 
critical temperature 3G-5®, critical pressure 
71-7 atmospheres. Appreciably soluble in 
cold water (1-3 vols. per vol. of water at 0®), 
and more soluble in alcohol. Nitrous oxide is 
prepared commercially and in the laboratory 
by careful heating of ammonium nitrate, 
NH 4 N0 3 -► N,0 + 2H,0 ; traces of higher 
oxides of nitrogen, chlorine, nitric acid 
vapour, and ammonia are removed by 


passing the gas successively through potas¬ 
sium permanganate and caustic soda 
solutions and sulphuric acid. Nitrous oxide 
is fairly easily decomposed on heating to 
temperatures above 520 , giving nitrogen 
and oxygen. Nitrous oxide is an en¬ 
dothermic compound and is decomposed 
by powerful detonation. The gas is used 
as a mild ana:sthetic for minor operations ; 
it is marketed for this purpose in small 
steel cylinders. 

Nitrogen dioxide, peroxide or tetroxide, 
N,0 4 (NO,). A substance, normally met 
with as a brownish-red gas, which shows 
considerable variation of colour with tem¬ 
perature. Below 0° the dioxide exists as 
nearly colourless crystals, which melt at 
9° to a pale yellow liquid. This darkens 
on warming, giving a reddish-brown liquid 
boiling at 22° and forming a vapour of 
similar colour; the colour darkens further 
with increase of temperature up to about 
140", but on further heating the gas be¬ 
comes colourless. These changes arc due 
to dissociation of N,0 4 , stable at low tem¬ 
peratures, into NO,; this dissociation is 
complete at 140®, further heating causing 
dissociation of NO, into nitric oxide nnd 
oxygen. Nitrogen dioxide is formed by 
direct union of nitric oxide with oxygen 
at normal temperatures; it is prepared 
conveniently by heating lead nitrate, or 
by warming nitrososulphuric acid with 
potassium nitrate, the dioxide being con¬ 
densed out in a freezing mixture. The gas 
has a characteristic choking odour, and is 
poisonous; it does not readily support 
combustion but acts as a mild oxidizing 
agent, forming sulphur, water, and nitric 
oxide with hydrogen sulphide. Nitrogen 
dioxide dissolves in water, giving a mixture 
of nitrous and nitric acids; similarly, it 
reacts with alkali solutions to form u nitrite 
and a nitrate, and is to be regarded as a 
“ mixed anhydride" of the two acids. 
Nitrogen dioxide is by itself not commer¬ 
cially important, but it occurs us an inter¬ 
mediate in all synthetic nitric acid processes. 

Nitrogen trioxide, N.O,. A dark blue 
volatile liquid stable only below about 
— 20®, prepared by distilling moderately 
dilute nitric acid with arsenious oxide, the 
distillate being collected in a freezing 
mixture. The liquid gives a red vapour in 
which the trioxide is almost completely 
dissociated into a mixture of equal volumes 
of nitric oxide, NO, and nitrogen dioxide, 
NO,. 

Nitrogen tri- or hexoxide, NO,. A white 
solid, not stable above — 140’, prepared by 
the action of an electric discharge on a 
mixture of oxygen and nitrogen dioxide. 
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Nitrogen pentoxide, N,0 4 . A white solid, 
forming very hygroscopic crystals melting 
with decomposition at 30’, and stable only 
below 0°. Prepared by the action of 
chlorine on silver nitrate, or of phosphorus 
pentoxide on concentrated nitric acid. 
Nitrogen pentoxide is very readily decom¬ 
posed into nitrogen dioxide and oxygen. 

It dissolves with a hissing noise in water, 
forming nitric acid, of which the pentoxide 
is the anhydride. 

Nitrogen trichloride, NCI S . A very dan¬ 
gerously explosive oily liquid, prepared 
by the action of chlorine on ammonium 
chloride solution ; the related compounds 
mono- and dichloramine, NH,C1, and NHCI„ 
arc formed in the reaction. It is used 
industrially, under the name of " agene,*’ to 
bleach Hour. 

Nitroglycerin, or glyceryl trinitrate, 
CjII 4 (NO,),. is prepared by acting on 
glycerin with nitric acid. It is an oily 
liquid, sp. gr. 10 , insoluble in water, 
sparingly soluble in alcohol, soluble in 
inethyl alcohol and wood naphtha. On 
the large scale glycerin is treated with a 
mixture of nitric acid and sulphuric acid 
at a temperature below 22°. It is extremely 
explosive and is commonly used mixed 
with other substances. The mixture with 
kicsclguhr is known as dynamite and 
contains about 70 % of nitroglycerin; a 
mixture containing about 05 % of gelatin¬ 
ized nitroglycerin, about 8 % of wood 
meal, and about 20 % of potassium nitrate 
is known ns gelignite. Cordite is a mixture 
of 30 parts of nitroglycerin, 05 of gun¬ 
cotton, and 30 of acetone, with n little 
vaseline. 

Nitron, 1 : 4-diphcnyl-3 : 5-endoanilo-1 : 5- 
dihydro-I : 2 : 4-triazole. 

Nitron is used, in 10 % 
solution in normal acetic 
acid, as a precipitating 
reagent for nitrates. 

After addition to the 
boiling solution and 
standing for 24 hours the 
precipitate is fdtered, 
washed, and dried. It contains 10-79 % 
of N0 3 . 

a-Nitronaphthalene, C l0 H 7 O,N. Long 
lustrous needles, M.P. 01% B.P. 

304°. Insoluble in water, readily 
soluble in benzene, ether, and 
hot alcohol. Oxidized by 
chromic acid or potassium per¬ 
manganate to 3-nitrophthalie 
acid, acid-reducing agents give a-naphthvl- 
aminc. Readily nitrated, sulphonated, and 
chlorinated. 




oc,... 


Vo, 



It is prepared by the direct nitration of 
naphthalene with a mixture of nitric and 
sulphuric acids. 

Its chief use is for the preparation of a- 
naphthylaminc and its derivatives. 
p-Nitrophenetole, C,II,0,N. 

It forms prismatic crystals, 

M.P. 58% B.P. 283% sp. gr. 1-18 
at 15°. 

It is prepared by the ethyl¬ 
ation of p-nitrophcnol with ethyl 
chloride. It is used for preparing 
p-phenctidinc. 

o-Nitrophenol, C,H s O,N. Bright yellow 
needles, M.P. 45% B.P. 214% 
sparingly soluble in cold water. 9 11 

It gives a deep red solution in fNNO, 
alkali ; soluble in alcohol. 

Prepared together with p-nitro- 
phenol by careful nitration of 
phenol, from which mixture it is separated 
by distillation in steam. Sodium sulphide 
reduces it to o-aminophenol. 

p-Nitrophenol, C,II 4 0 4 N. Colourless 
needles, M.P. 114°. Soluble in 
hot water, very soluble in alcohol. 

Prepared together with o-nitro- 
phcnol by careful nitrntion of 
phenol, from which mixture it 
remains as an involatilc residue 
after a distillation in steam. Re¬ 
duction with iron and hydrochloric 
gives p-aminophcnol. 

Nitro-platinites. Sec Platinum nitrites, 
complex. 

Nitroprussides. Sec Iron, complex 
cyanides. 

p-Nitrosodimethylaniline, C,H 10 ON t . The 
free base forms dark green 
leaflets, M.P. 85°. On standing 
it goes browner in colour. It is 
basic and forms a hydrochloride 
as intensely yellow needles, 
soluble in water, but less soluble 
in dilute hydrochloric acid. It 
reduces to p-aminodimethylaniline. 

It is prepared by the action of nitrous acid 
upon dimethylaniline at 0 °. 

It is used for the preparation of indamincs 
by condensation with dialkylanilincs, and 
for the preparation of azines and oxazincs 
by condensation with m-diamines and 
phenols. 

Nitroso-dyes (Quinone-oximes). Nitroso- 
dyes are the reaction products of nitrous 
acid and phenols, or, according to 
Goldschmidt, the product of the action of 
hydroxylaminc onp-quinone. These nitroso- 
substances may be. therefore, quinone- 
oximes, a view which finds support in the 
fact that some of them have been shown to 
react with hydroxylamine to yield higher 
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N(CH,), 
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oximes, a reaction which is only compatible 
with the quinonoid formula. The mtroso- 
dyes are used in the form of coloured lakes 
which they give with metals. The lakes 
arc derived from the oxime form and 
their colour can be attributed to their 
quinonoid structure. In practice only the 
o-nitroso-compounds of phenols are used as 
dyestuffs. The o-nitrosophenols arc them¬ 
selves only slightly coloured, but form 
coloured complex compounds with metallic 
salts. The colour can be formed in the fibre 
previously treated with the metallic salt and 
varies with the metal used. The nitroso- 
colours are polygenetic. They are all used 
for calico printing, generally on an iron 
mordant. Typical examples are : Dinitroso- 
rcsorcinol (fast green), Naphtol green B. 
Fast printing green, Naphthinc S. 
Nitrosomethylurea, 

NH,CON • CH, 

NO 

is a colourless crystalline solid, M.P. 123°- 
124° (with decomposition). Insoluble in 
water; soluble in alcohol and ether. Pre¬ 
pared by adding sodium nitrite solution to 
a solution of mcthylurca nitrate. It is un¬ 
stable and slowly decomposes at ordinary 
temperatures. Reacts with cold potassium 
hydroxide solution to give diazomethane. 
p-Nitrosophenol, C,H,0,N. 

O 


or 


It forms greyish-brown leaflets, which de¬ 
compose at 124°. Moderately soluble in 
water, easily in alcohol and ether. It gives 
a red sodium salt. 

It is prepared by the action of nitrous 
acid upon phenol. It is also obtained by 
the action of hydroxylamine hydrochloride 
upon p-benzoquinone. 

Its formula may be represented by either 
of those shown above, i.e. either as a true 
p-nitrosophenol or as p-benzoquinonemon- 
oxime. The coloured derivatives, e.g. the 
sodium salt, are probably derived from the 
quinone form. Direct methylation gives 
a coloured compound which has been shown 
to be quinoncmethoxime O : C e II 4 : NOCH 3 : 
p-nitrosoanisole CH,0 • C 4 H 4 • NO has been 
obtained by another route and is colourless. 

p-Nitrosophenol condenses with bases to 
form indophenols, which are much used 
for the production of sulphur colours. 




The most important is the indophenol from 
carbazole which is used for the preparation 
of Hydron blue. 

Nitrososlpuhuric acid, Nitrosulphuric 
acid, Nitrosulphonic acid. Alternative and 
less generally accepted names for nitrosyl- 
sulphuric acid. 

Nitrosyl chloride, NOC1. An orange- 
yellow gas with a pungent odour resembling 
that of nitrogen dioxide, readily condensing 
to a red liquid. B.P. - 5-5°, which freezes 
to a yellow solid, M.P. - 05°. Prepared by 
boiling ** aqua regia ” (a mixture of 4 vols. 
concentrated hydrochloric acid with 1 vol. 
of concentrated nitric acid), a mixture of 
nitrosyl chloride and chlorine being evolved. 
The former is absorbed as nitrosylsulphuric 
acid by passing through strong sulphuric 
acid, and liberated in the pure state by 
heating the acid with sodium chloride. 
Nitrosyl chloride is readily decomposed by 
water or alkalis, giving nitrous nnd hydro¬ 
chloric acids or their salts ; it dissociates on 
heating to high temperatures, giving nitric 
oxide nnd chlorine. Many addition com¬ 
pounds with metallic chlorides 

(e.g. ZnCI„ NOC1) 


arc known. Most metals arc attacked by 
nitrosyl chloride. 

Nitrosyls arc compounds containing one 
or more NO groups joined directly to a 
metal atom ; a special modification of 
the covalent link, in which three electrons 
are donated by the nitrogen atom to the 
metal atom, is probably involved in their 
structure. Topical nitrosyl compounds arc 

Fc(NO),(CO)„ Co(NO),l. and Co(NO)(CO),. 

Nitrosylselenic acid, NO • O • ScO, • OH. 
A colourless crystalline mass, M.P. 80’ 
(decomp.), prepared by the action of excess 
of liquid nitrogen trioxide on ice-cold 
selenic acid. 

Nitrosylsulphuric acid (“Chamber 
Crystals “), HSO«NO (or SO s (OH) • O • NO). 
A white crystalline solid melting with de¬ 
composition at 73°, conveniently prepared 
by passing sulphur dioxide into cold fuming 
nitric acid. The acid is decomposed by 
water, giving sulphuric acid and red fumes 
of nitrogen oxides. Nitrosylsulphuric acid 
probably occurs as an intermediate product 
in the manufacture of sulphuric acid by the 
lead chamber process. 

m-Nitrotoluene, C 7 H 7 O t N. M.P. 10’, 
B.P. 230°. Prepared by separa¬ 
tion from the mixture of 
isomers, obtained on mono- 
nitrating toluene, in which 
it occurs in 3 %-4 % con¬ 
centration. 


CH, 
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o-Nitrotoluene, C,II 7 0,N. Colourless invention of dynamite in 1800. From the 

liquid, II.P. 220-4’, density at manufacture of explosives and from the 

15° 1-104. Volatile in steam, S' 11 * Baku oilfields he built up a large fortune, 

insoluble in water, miscible with \nC), the bulk of which he left, in trust, for the 

most organic solvents. J establishment of the Noliel Prizes. These, 

It is prepared by the direct five in number, arc awarded annually for 

nitration of toluene ns a 50 %- achievements in Physics, Chemistry, Phy- 

00 % component of the mixture of isomers, siology or Medicine, Literature, and the 

from which it has to be separated by furthering of Peace. 

fractional distillation und crystallization. Nobel elutriator. This type of elutriator 

Used for the preparation of o-toluidine. consists of a number of pear-shaped vessels 

/^-Nitrotoluene, C 7 H 7 0,N. Colourless arranged apex downwards in scries, the 

rhombic crystals, M.P. 51°-52°, smallest first and the remainder gradually 

B.P. 237-7°. increasing in cross-section. The solids to 

It is prepared by mono-nitrating be classified are placed in the bottom of the 

toluene as a 40 % constituent of first container and a stream of water allowed 

the mixture of isomers, from which to flow through the vessel at constant 

it can be separated by crystalliza- no 7 velocity. As a result the smaller particles 

tion. Sulphonates in the o-position. are swept out of the first vessel and deposited 

It is reduced to p-toluidine with iron and in a scries of size fractions in the remaining 

hydrochloric acid. containers, the effluent overflowing from the 

Nitrourea, NH a CONIINO„ is a colourless last of the series, 
crystalline solid, M.P. 158-5®. Soluble in Other considerations remaining unaltered 
water, alcohol, and ether. Prepared by the sizes of the particles deposited in the 

adding urea nitrate to concentrated sul- individual vessels will depend upon the 

phuric acid at 0° and pouring the mixture on velocity of the liquid stream and can 

to ice. It is a strong acid, and forms salts. accordingly be controlled. 

Not readily oxidized but cun be detonated. Noddack (ne'e Tacke), Ida Eva (1800- ). 

Used in preparation of semi-carbazidc. Ida Noddack was born at Lackhauscn bci 

Nitrous acid, UNO,. The pale blue solu- Wesel, Germany, and educated at the Tech- 

tion obtained by acidifying a solution of a nisehe Hochschule, Berlin. From 1021 to 

nitrite contains small quantities of nitrous 1023 she was with the Allgcmcinc Elek- 

acid ; this readily decomposes on warming trizitiits-Gcsellsehaft as a chemist, and has 

or shaking, giving nitric oxide and nitrogen since pursued independent scientific in- 

dioxidc or nitric acid, the latter chiefly in vestigations, at first in the laboratories of 

dilute solutions. The use of nitrous acid in Siemens and Halskc and then at the Physikal- 

the diazo reaction is of considerable import- isch-Technischc Kcichsanstalt, Berlin. In 

ancc in the dye industry, and its salts, the 1025 she discovered masurium and rhenium 

nitrites (chiefly sodium nitrite) arc com- with W. K. F. Noddack, whom she married 

merciul products ; nitrous acid is liberated in 1026. 

by acidifying the nitrite solution in presence Noddack, Walter Karl Friedrich (1803- ). 

of the compound to be diazotized. Sodium Noddack was born at Berlin and educated 

nitrite is manufactured by heating sodium at Berlin University. Most of his work has 

nitrate (Chile saltpetre) with lead, and it is been carried out at the Physikalisch-Tcch- 

a by-product in the nitrogen fixation in- nisehe Reichsanstalt, where he was director 

dustrv. Nitrous acid and the nitrites of the chemical and photochemical labor- 

normally act as reducing agents, although atories until 1035, then becoming ordinary 

they have an oxidizing action on certain professor of physical chemistry and director 

substances (e.g. sulphur dioxide, hydrogen of the Physicochemical Institute at the 

sulphide). The nitrites of the alkali metals University of Freiburg. He has worked 

arc comparatively stable in the dry state; chiefly on analytical, photo- and geo- 

they detonate violently on warming with chemistry, and in 1025 discovered masurium 

cyanides or thiosulphates. Solutions of and rhenium in conjunction with Ida Tacke, 

nitrites give the “brown ring” test (see whom he married in 1020. 

Nitric acid), using dilute sulphuric acid. Nollet, Jean Antoine (1700-1770). Pro- 

Nitro-xylenes, C 8 H t O,N, C,H,(CH,) t NO,. fessor of physics in Paris, Nollet noticed, 
Sec Xvlidines. in 1748, the passage of water molecules 

Nobel, Alfred Bernhard (1833-1806). through a parchment membrane which 

Born at Stockholm, Nobel was trained retained the solute molecules with the 

as both chemist and engineer. He devoted subsequent development of osmotic pressure, 

his life to a study of explosives, and his best- Nomag. An austenitic alloy cast iron 
known contribution to chemistry is the containing 10 %-12 % Ni and 5 %-6 % Mn. 
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Non-aqueous 

It is machinable, is non-magnctic, and has 
a very high electrical resistance, but is 
inferior in corrosion-resisting properties to 
other austenitic cast irons such as Ni-Rcsist 
and Nicrosilal. 

Non-aqueous solution. Any solution in 
which the solvent is not water is a non- 
aqueous solution. 

Non-polar liquid. See Normal liquid. 
Non-polar molecule. A molecule is said 
to be non-polar when the centres of action 
of the negative and positive parts of the 
molecules act at the same point. Sym¬ 
metrical covalent compounds are generally 
non-polar, for the electrons are sym¬ 
metrically arranged and equally shared. 

Nor-. The prefix nor- in the name of an 
organic compound indicates the loss of a 
CH, group, thus nornicotine has the formula 
C,H„N„ while nicotine is C„H I4 N,. The 
prefix is incorrectly used in the words 
norlcucine and norvaline, which arc isomers 
of leucine and valine, and in other instances. 
Nopinene. Sec 0-Pincne. 

Nordhausen sulphuric acid. See Sul¬ 
phuric acid, fuming. 

Norlcucine, a - Amino - n - caproic acid, 
C*H„0,N, 

CH,. (CH,),. CH . COOH 
NH, 

Crystallizes in plates, M.P. 285°. 
Sparingly soluble in water. The naturally 
occurring substance is dextrorotatory, 
(a)” -f 4-5°. Norleucinc is a rare hydro¬ 
lysis product of proteins. See “ The Bio¬ 
chemistry of the Amino-Acids,*’ by Mitchell 
and Hamilton. 

Normalizing. The heating of a metal to 
a high temperature, keeping it at that tem¬ 
perature for a certain time and then allowing 
it to cool down in air. Normalizing is 
carried out to relieve stresses set up by 
previous operations. The operation is 
similar to annealing, but owing to the more 
rapid cooling yields a finer structure, the 
pcarlitc laminations being less distinct. 
The term is rather a loose one, since thin 
sections cool quickly, whereas the centres of 
large masses cool slowly and often show an 
annealed or semi-annealed structure. 

Normal liquid. A liquid in which the 
molecules have no tendency to associate, 
i.e. to join together into more or less stable 
groups of two or more molecules, is said 
to be normal. The simpler liquid hydro¬ 
carbons approximate to this type, while 
water, acetic acid, and alcohol may be 
cited as examples of abnormal liquids. 

Normal solution. A normal solution of a 
substance is one which contains 1 gram j 

24 


equivalent of the substance in 1 litre of 
the solution. The substance need not be 
a compound. Thus, a normal solution of 
hydrochloric acid contains 30-5 grams of 
hydrogen chloride, which is, however, 
largely dissociated into hydrogen ions and 
chlorine ions. The solution is therefore also 
a normal solution of hydrogen ions, because 
it contains 1 gram of hydrogen ions per litre 
of solution. A normal solution may be 
indicated by the letter N, thus, N-hydro- 
chloric acid signifies a normal solution of 
hydrogen chloride. Likewise 0-1N or 1 /10 N 
signifies a solution containing one-tenth of 
the gram equivalent of the substance dis¬ 
solved in 1 litre of the solution; 2 N 
signifies two gram equivalents per litre of 
solution. 

Normal temperature and pressure. The 
arbitrary values arc 0° C. and 700 mm. of 
mercury. 

Norris, James Flack (1871-1040). Born 
at Baltimore, U.S.A., Norris was educated 
at the Johns Hopkins University. He was 
appointed professor of chemistry, Simmons 
College, Boston (1004), Vanderbilt Uni¬ 
versity (1015), and professor of organic 
chemistry, Massachusetts (1010). He was 
the author of numerous books and originul 
papers on organic researches. 

Norrish, Ronald George Wreyford (1807- 
). Norrish was educated at the Perse 
School and the University of Cambridge, 
where in 1037 he was appointed professor 
of physical chemistry. His numerous 
researches in physical chemistry have been 
chiefly in the field of photochemistry. In 
1020 he was awarded the Mcldola Medal of 
the Institute of Chemistry and in 1030 he 
was elected F.R.S. 

Norton, Thomas Herbert (1851-1041). Bom 
at Rushford, New York, Norton was educated 
at Hamilton College, Heidelberg, Berlin, and 
Paris. In 1000, while U.S. Consul at 
Chemnitz, he compiled a survey of foreign 
chemical industries for the U.S. Department 
of Commerce, and during the war, as social 
agent of the same department, compiled 
the "Dyestuffs Census” and led the cam¬ 
paign to create an American dyestuffs in¬ 
dustry. After the war Norton was active 
both as an editor of chemical publications 
and as a consultant, and in 1020 became re¬ 
search chemist to the American Cyanamid Co. 
In 1037 he was awarded the Lavoisier Medal 
of the Soci^td Chimique dc France. 

Novocaine. A trade name for procaine 
hydrochloride. 

Noyes, Arthur Amos (1866-1936). Bom 
at Newburyport, U.S.A., Noyes was edu¬ 
cated at Massachusetts Institute and at 
Leipzig. He was appointed professor of 
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theoretical chemistry, Massachusetts Inst. 
(1809), and Director of the Gates Chemical 
Laboratory, California (1015). He was the 
author of numerous books and his original 
work covered a wide field ; associated with 
Blanchard, he studied ionic conductivities. 
In 1915 he was awarded the Willard Gibbs 
Medal. 

Noyes, William Albert (1857-1941). Noyes 
was bom at Independence, Iowa, and edu¬ 
cated at Grinnell College and the Johns 
Hopkins University. After being professor 
of chemistry at the University of Tennessee 
(1888-80) and the Hose Polytechnic In¬ 
stitute (1880-1903) he was appointed first 

chief chemist of the --- 

Bureau of Standards. / 

In 1907 he became y ,- 

professor of chemistry O-P—O—CH,-CH-Cl 
and director of the I / 

Chemical Laboratories ° H ° 

at the University of o-p-o— ci 

Illinois, retiring in 1920. 

He received the Nichols 
Medal (with H. C. P. « 

Weber, 1909), the Wil¬ 
lard Gibbs Medal (1010), 
and the Priestley Medal 
(1035); and was Presi¬ 
dent of the American 

Chemical Society in - 

1920. His researches dealt with atomic 
weights, the camphor compounds, and 

electronic theories of valency. 

Noyes, William Albert, Jr. (1898- ). 

Noyes was bom in Terre Haute, Indiana 
and attended Grinnell College and the 

University of Paris. He became professor 
at Brown University in 1935 and professor 
of physical chemistry at the University 
of Rochester in 1939. He is co-author 
of a monograph on “ Photochemistry of 
Gases.” 

N.T.P. Sec Normal temperature and 

pressure. 

Nuclear spin. The hyperfinc structure of 
certain spectra (see Multiplet) has led to 
the view that the nucleus has a property 
with the characteristics of spin. It has 
been ascribed to the spinning of certain of 
the components of the nucleus, possibly 
certain of the protons. 

Nucleases arc those enzymes which 
hydrolyse nucleic acids. The process is 
thought to take place in three stages each 
requiring a different enzyme. Nucleinase 
first acts to simplify the polynucleotides to 
mononucleotides, from which nucleotidase 
liberates phosphoric acid forming a nucleo¬ 
side which is finally hydrolysed to a sugar 
(ribosc) and a base by nucleosidase. The 
nucleases arc present in the plasma, the 


intestinal juice, and the liver, whilst the 
last-named enzyme is conveniently pre¬ 
pared from the pancreas. 

Nucleic acid. The nucleic acids are the 
non-protein portion of nucleoproteins. Two 
different types of nucleic acid arc recognized, 
thymus or desoxyribosc nucleic acid and 
yeast or ribosc nucleic acid. Both types 
may occur together in the same tissue ; 
the old distinction between animal and 
plant nucleic acids was a false simplifica¬ 
tion of the problem. The nucleic acids 
may be considered as polymers of tetra- 
nuclcotidcs, suggested formula for which 
are ns follows : 


O-P-O-C”, CH-CH- CH, • CH—guanine 

Ah ° 

0=P^O—CH, - CH • CH . CH.^CH—cytosine 

OH 

/ |-°- 1 

0=P—O—CH, CH -CH • CH, • CH—adenine 

d»H _ Q _ 

OmP—O—CH, • Ih CH CH,^3l 

Ah ^ 




thymlne 


In ribosc nucleic acid the sugar is ribosc as 
the name implies and uracil replaces 
thymine. A suggested formula for the 
tetrnnuclcotidc is 


Ofc-( 

ol-• 

h/ 


ir-basc 


rr 


OP-O-sugar-base 


HO 

V- 


-°1 


O-sugar-base 


Nucleinase. See Nucleases and nucleo¬ 
proteins. 

Nucleoproteins. A group of conjugated 
proteins which are constituents of the 
nuclei of all cells. They can be regarded as 
salts of basic proteins of the histone group 
with nucleic acid, but their composition is 
not agreed and may not be definite. 
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The chemical changes undergone by the 
nucleoproteins present in food during 
digestion have been worked out in detail, 
but it has been necessary to postulate the 
existence of a series of distinctive enzymes, 
few of which have been isolated. The 
names of the enzymes in most cases therefore 
mean little more than the functions of a 
certain organ. With this limitation in mind, 
the stages of nuclcoprotcin metabolism may 
be briefly summarized. The enzyme trypsin, 
present in the intestine, splits off the protein 
groups to leave nucleic acid. Nucleinase 
splits this into its constituent nucleotides, 
and nucleotidases break off the phosphoric 
acid groups to give nucleosides, which are 
broken down by nucleosidases to pentoses 
and purine and pyrimidine bases. All these 
enzyme systems are present in the intestine. 
The further fate of the pyrimidines is not 
known. The purines, guanine and adenine, 
arc dcaminated to form xanthine and 
hypoxanthine respectively. These are oxi¬ 
dized by xanthine oxidase, present in many 
tissues and chiefly in the liver, to uric 
acid, which is excreted as such in man, 
but in most animals is broken down by 
the enzyme uricase to allantoin and then 
excreted. 

Much less is known about the synthesis of 
nucleoproteins in the body, but this must 
occur as uric acid is excreted on a purine 
free diet. There arc indications that the 
amino-acid histidine may be necessary for 
purine synthesis. 

Nucleosidase. See Nucleases and Nucleo¬ 
proteins. 

Nucleosides arc glycosides containing 
agluconcs belonging to the purine or pyrimi¬ 
dine series. The sugar is coupled to the 
amino- or imino-groups. The nucleosides 
arc obtained from the nucleotides in which 
they are combined with phosphoric acid. 
Many synthetic nucleosides have been 
made. 


Nucleotidase. See Nucleases and Nucleo¬ 
proteins. 

Nucleotides. Substances consisting ot a 
molecule of phosphoric acid combined 
through a pentose sugar to a purine or 
pyrimidine base. They are phosphoric 
acid esters of the nucleosides and arc con¬ 
stituents or breakdown products of nucleic 
acid, and are also, for example, adenylic 
acid, found free in body tissues. 

Nucleus, atomic. The nucleus of an 
atom is the small but massive internal 
core of the atom, which contains all the 
positive electricity in the atom. The 
weight and any radioactive properties arc 
associated with the nucleus; the chemical 
properties and the spectrum are properties 
of the planetary electrons. 

Nux vomica consists of the dried ripe 
seeds of Strychnos nux vomica, a tree in¬ 
digenous to India and the Malay Archi¬ 
pelago. It owes its medicinal properties 
to the alkaloids strychnine and brucine. It 
is a powerful tonic, stimulating the heart 
and respiratory organs and increasing 
nervous energy. 

Nylon has been officially defined by the 
original manufacturers, the Du Pont Co., 
as “ a generic term for any long-chain 
synthetic polymeric amide which has 
recurring amide groups as an integral 
part of the main polymer chain, and which 
is capable of being formed into a filament 
in which the structural elements arc 
orientated in the direction of the axis.*’ 
It is prepared by heating together one or 
more aminomonocarboxylic acids, or an 
aliphatic dicarboxylic ncid and a diamine 
each containing not less than four carbon 
atoms in the molecule. The heating is 
usually carried out in xvlcnol solution, from 
which the Nylon is isolated by evaporation 
of the solvent or addition of alcohol. 
Nylon fibres and yarns have excellent 
elastic properties. 


0 


Occlusion. A term used cither to denote 
retention of a gas or of solids by a metal, or 
the absorption of an electrolyte by a pre¬ 
cipitate. The term is not precise in its 
meaning. I11 the case of a gas and a metal, 
it includes adsorption in the ordinary sense, 
and also penetration of the metal lattice 
by atoms or molecules of the gas with forma¬ 
tion of an interstitial compound (e.g. in the 
occlusion of hydrogen by palladium). In 
connexion with the contamination of metals 
by solids, the term is applied chiefly to the 
retention of small amounts of slag, etc., by a 
metal, which is probably a mechanical process. 


Ochre. A variety of the mineral limonitc, 
mixed with clay, which may contain 15-G5% 
Fe t O,. Yellow ochres are mined in France 
and South Africa, and red ochres in Great 
Britain. The ochres are used as pigments. 
The distinction between ochres and raw 
siennas (q.v.) is indefinite. 

Ocimene, C, 0 H 14 . An acyclic mono- 
terpene of the constitutional formula 

HX 

V('H.(’H.CH:CCH:CH. 

/ I 

h,c Oh, 
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It is found in the oil obtained from the leaves 
of Ocimum basilicum, grown in Java, and 
probably in various other essential oils. 
B.P. 81°/30 mm., 0 8031, n|* 1-4857. 

Octanes, 0,11,,. arc hydrocarbons of the 
paraffin series. There arc eighteen possible 
paraffin hydrocarbons of this formula. 
They occur in petroleum and have boiling- 
points between 09° and 125°. The most im¬ 
portant isomer is 2 :2 :4-trimcthylpentanc, 
(CII,),C • CH, • CH(CH,) S , usually called iso- 
octane. This is produced in large quantities 
by various methods from the butane- 
butylene fraction of the gas from the 
cracking of petroleum. It is a colourless 
liquid, D*° 0-6018, B.P. 90-3°. It has 
murked anti-knock properties and is used 
as a standard for determining the " knock¬ 
rating ” of petrols. Another isomer, 2- 
mcthyl heptane, is sometimes, and more 
correctly, also called iso-octane. It has 
I)’® 0-0980. B.P. 117-2°. 

Octane number. In the standard method 
of valuing anti-knock characteristics the 
fuel is tested in a suitable type of engine 
(c.g. the C.F.R. engine) against mixtures 
of varying proportions of iso-octane and 
normal heptane, the former having good 
and the latter bad nnti-knock properties. 
The percentage of iso-octane in the mixture 
having the same properties as the test fuel 
is then known as the octane number. 

In practice the extensive use of iso-octane 
and normal heptane is at present undesirable 
economically, and it is necessary to employ 
secondary reference fuels which have pre¬ 
viously been calibrated against mixtures of 
these substances. 

Octanol-2. Sec Capryl alcohol. 

Octaves, law ol. Ncwlands (1863-1864) 
found that when the elements arc arranged 
in order of increasing atomic weights, the 
first clement is similar to the eighth, the 
second to the ninth, the third to the tenth, 
and so on. He termed this relationship 
the “ law of octaves.” Sec Periodic law. 

Octet. A term used in connexion with 
atomic structure to denote a group of eight 
extra-nuclear electrons. Such a group of 
eight has a peculiar stability, and forms the 
outer electron ‘‘shell** in all the inert gases 
except helium. The conception of the octet 
as a particularly stable structure is also 
important in determining the valency of 
the elements, in that when atoms combine 
by the process of sharing or donating their 
electrons they tend to do so in such ratios 
that each atom has a completed octet. 
Sodium, for example, which has one electron 
in its outer shell will combine with one chlor¬ 
ine atom, which has seven such electrons, 
giving a molecule NaCI, in which each atom 
has a completed octet. 


Octyl alcohol, secondary. Sec Capryl 
alcohol. 

Oderberg mill . See Colloid mills. 

Odling, William (1829-1921). A Londoner 
by birth, Odling was intended for the medical 
profession, but instead became lecturer in 
chemistry at Guy's Hospital. I 11 1803 he 
became professor of chemistry at St. Bar¬ 
tholomew's Hospital, in 1808 Fullcrian 
professor of chemistry at the Itoyal In¬ 
stitution, anil in 1872 Waynllctc professor 
of chemistry in Oxford University, retiring 
in 1012. He supported the views of Laurent 
and Gcrhardt, advocated the adoption of 
the atomic weight 0=10 instead of 0 = 8, 
gave O, as the formula for ozone, and put 
forward a classification of the silicates. lie 
was elected a Fellow of the Koval Society 
in 1859 and was President of the Chemical 
Society in 1873-75. 

Oenslager, George (1873- ). Bom at 

Harrisburg, Pennsylvania, Oenslager was 
educated at Harvard. After being research 
chemist to the Diamond Rubber Co. from 
1906 to 1912 he joined the B. F. Goodrich 
Co. in a similar capacity. His work in 
developing organic accelerators for rubber 
vulcanization gained him the Perkin Medal 
in 1933. 

(Estradiol, C„H, 4 O t . 


H OH 


CH. CH.'fc^ 

CH Jh !h-<!h, 

dTW 

„oJ I i. 

vv 


Colourless crystals, existing in two 
isomeric forms, M.P. 174°, 209°. (Estra¬ 
diol was first prepared by the reduction 
of cestrone , and later was found in the urine 
of pregnant marcs and the ovaries of pigs. 
It is more active physiologically than 
CEstrone and seems to be the true female 
follicular sex hormone. 

(Estrin. The generic name for the female 
follicular sex hormone, made by the ovaries 
and responsible for inducing ccstrous, pro¬ 
moting the growth of the uterus, the vagina, 
and the mammary glands, and developing 
the secondary sexual characteristics. Now 
that several substances with these prop¬ 
erties have been isolated from ovaries and 
from pregnancy urine, the term cestrin is 
becoming superfluous. It is sometimes 
applied to cestrone, although astradiol is 



Oil 


(Estriol 


373 


CH 


more likely to be the actual follicular 
hormone. 

(Estriol, Theelol, C„H, 4 O a . 

H OH 

CH, CH^C^ 

\K Y H 

CH CH <L-<L, ° H 

HO-i I Ih, 

w 

Colourless crystals, M.P. 283°, soluble in 
alcohol, insoluble in water, [aJ D + 34-4° 
in pyridine. A substance present in the 
urine of pregnant women and formed from 
astrone by treatment with potassium 
bisulphute. It possesses female sex hor¬ 
mone activity, but is not nearly so active 
ns astrone. 

(Estrone, (Estrin, Theelin, Folliculin, 

CH, CH, CO 

<!h Jh—L i t 

c <rw 

„oJ I L 

V V 

Colourless crystals, existing in three 
isomeric forms, M.P. 254°, 256°, 259°. 
Soluble in alcohol, insoluble in water. 
(Estrone is the most important of the 
female sex hormones and is obtained from 
the urine of pregnant women. 

Ohm, Georg Simon (1787-1854). Bom 
and educated at Erlangen, Ohm became 
professor of mathematics at the Jesuits’ 
College, Cologne (1817), and at Nuremberg 
Polytechnic (1833); Conservator at Munich 
(1849), und professor of experimental 
physics, Munich High School (1852). His 
researches on electricity led to the enuncia¬ 
tion of Ohm’s law. He was awarded the 
Copley Medal of the Royal Society in 1841. 

Oil gas. By violent cracking of appropriate 
types of oil a gas is produced which is fre¬ 
quently used to supplement coal gas in town 
supply. The reaction chamber is filled with 
chequer brickwork and is first heated 
directly by means of oil burners. A mixture 
of steam and oil is then sprayed over the 
hot brickwork, the oil is vaporized and 
cracked violently to gas and carbon, a 
portion of the latter reacting further with 
the steam to give water-gas. 


OCH, 

/\ 




CH • CH, 


Oil of anise, commonly called oil of 
aniseed, is obtained by steam distillation 
from anise fruits, Pimpinella amsum, or 
from star anise fruits, Illicium verum. It 
consists chiefly of anethole 
and is used as a carmin¬ 
ative and as an ingredient 
of cough lozenges and 
cough mixtures, where its 
warm taste and mild ex¬ 
pectorant action relieve 
tickling cough. It is also employed as a 
flavouring agent. 

Oil of cade, or juniper tar oil, is a brownish- 
black oil obtained by the destructive dis¬ 
tillation of the branches of Juniperus 
oxyeedrus. It has an cmpyrcumatic odour, 
and is used in ointment form as a stimu¬ 
lating antiseptic in certain kinds of eczema 
and other skin diseases. It is also com¬ 
bined in a soap to be used for toilet purposes 
for persons with unhealthy skins. 

Oil of cajeput is the volatile oil distilled 
from the leaves of Melaleuca leucadendron. 
It contains over 50 % of cineole, and is used 
internally ns a carminative and intestinal 
antiseptic. For colic, two or three drops 
taken on a lump of sugar usually gives 
relief in a very short time. 

Oil of camphor. Two fractions of the 
natural oil of camphor arc used medicinally : 
(1) light oil of camphor is an almost colour¬ 
less fraction containing a small amount of 
camphor, about 50 % of cineole, and the 
remainder terpenes; 
and (2) dark oil of 
camphor consists very 
largely of safrole. 

Both are used extern¬ 
ally in the preparation 
of liniments, being 
usually combined with 
counter-irritants such 
as the oleo-resin from 


O—CH, 


() 



II, • CII: CII, 
safrole 


capsicum. 

Oil of caraway is obtained by steam dis¬ 
tillation from the ripe fruits of Carurn carvi. 
It contains about GO % of carvone, and 
is used to relieve flatulent colic. As an 
ingredient of purgative pills, it acts as a 
carminative and prevents griping. Its 
medicinal properties arc similar to those 
of oil of dill. 

Oil of cinnamon is the volatile oil dis¬ 
tilled from the bark of Cinnamomum 
zeylanicum. The chief constituent of this 
oil is cinnamic aldehyde, 

C,H S - CH : CH • CHO, 

which occurs to the extent of upwards of 
50 %, but the delicate aroma which renders 
this oil more valuable than oil of cassia, 
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which contains up to 90 % of cinnamic 
aldehyde, is due to other constituents. In 
America the rectified oil of cassia is known 
as oil of cinnamon. Oil of cinnamon is 
carminative and antiseptic, and is a popular 
remedy when taken on sugar for colds and 
influenza, and is often added to ammoniated 
quinine to enhance its prophylactic action. 

Oil o! cloves is the volatile oil distilled 
from cloves, and consists largely of eugenol. 
It has strong antiseptic properties, and is 
added to many preparations as a preserva¬ 
tive to prevent putrefaction. Like many 
essential oils, it has carminative properties, 
and is used in mixtures for diarrhoea. It 
is a popular remedy for placing on cotton 
wool in carious teeth for the relief of 
toothache. 

Oil ol copaiba is the volatile oil distilled 
from the olco-resin, copaiba. It consists 
chiefly of sesquiterpenes, and is adminis¬ 
tered for the same purposes os copaiba. 

Oil of coriander is the volatile oil distilled 
from the ripe fruits of Coriarutrum salivum. 
Its chief constituent is the alcohol, corian- 
drol, C, 0 H|,OH, which is present to the 
extent of 45 to 05 %. Oil of coriander is a 
stimulating carminative, and is added to 
purgatives to prevent griping. 

Oil of cubeb is the volatile oil distilled 
from cubcbs, and consists chiefly of terpcncs 
and sesquiterpenes. It is administered in 
conjunction with copaiba and oil of sandal¬ 
wood for gonorrhoea. For the relief of 
chronic bronchitis, the oil is added to 
boiling water and the steam and vapour 
raising arc inhaled. 

Oil of dill is a volatile oil distilled by the 
aid of steam from the ripe fruits of Anethum 
gravcolens. It contains about 50 % of 
carvone, 

CO-CH, 

CH, • i J)H • C(CH,): CH, 



to which it owes its medicinal properties. It 
is a carminative, and dill water is especially 
useful for relieving griping flatulence in 
infants. 

Oil of juniper is distilled from the ripe 
fruit of Juniper communis. It is a pale 
yellow limpid oil with a characteristic 
odour and taste, and is a popular remedy 
for backache and lumbago, being taken on 
sugar or dissolved in alcohol. It acts as a 
diuretic and as a stimulant to the urinary 
tract and, like many essential oils, it 
possesses carminative properties. 

Oil of pennyroyal is the oil distilled from 
the fresh herb, Mentha pulegium. It has 
a very persistent characteristic odour, and 


Oil 

contains about 90 % of the aromatic ketone, 
pulcgonc : 

CH,-CO 

ch,-Ah (Lqcii,), 
ch,— i:H, 

Oil of pennyroyal is used chiefly as an 
cmmenagoguc. as it stimulates uterine 
contractions. 

Oil of peppermint is the oil distilled from 
the fresh flowering tops of Mentha piperita, 
and contains about 50 % of menthol, 
together with menthyl esters and the ketone, 
menthone : 

CH,-CO 

CH, ill ill CH(CH,), 



It is an aromatic carminative, and when 
taken internally it produces a sensation of 
coldness in the mouth, but is warming to the 
stomach and aids in dispelling flatulence 
and colic. It is a constituent of chlorodyne. 
Water saturated with peppermint oil is a 
common vehicle for medicines ns its pleasant 
odour and taste help to cover the objection¬ 
able flavour of many drugs. 

Oil of sandalwood is the volatile oil dis¬ 
tilled from the wood of Santalum album, a 
tree native to India. A similar oil is ob¬ 
tained from the wood of the Australian tree, 
Eucarya spicata, and is known os Australian 
sandalwood oil. Oil of sandalwood contains 
about 00 % of an alcohol, santalol, C u H„0, 
and is given internally, chiefly in gelatin 
capsules, for gonorrhcca. For this purpose, 
it is frequently combined with copaiba, oil 
of cubeb, and buchu. 

Oil of turpentine is the volatile oil dis¬ 
tilled from the crude oleo-rcsin obtained 
from various species of Pinus, and consists 
largely of the terpenc, pinene, C 10 H U . 
Internally, oil of turpentine is used as an 
anthelmintic to expel worms, but its chief 
use is as an ingredient of liniments. When 
applied to the skin, it acts as a rubefacient 
and counter-irritant, and relieves the pain 
of rheumatism and lumbago by stimulating 
the flow of blood in the surface capillaries. 
In the same way, it relieves bronchial 
affections when applied to the chest. 
“ White liniment ” is a mixture of oil of 
turpentine, acetic acid, and water emulsified 
with yolk of egg, and is applied on flannel 
to the affected part. 

Oil of wintergreen. See Methyl salicylate. 

Oil soluble resins. Alkyd resins modified 
with drying-oils or drying-oil fatty acids, 
certain etherified melamine and urea-formal¬ 
dehyde resins, rosin or rosin-ester-reacted 
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phenolic resins, and phenol formaldehyde 
resins derived from certain para-substituted 
phenols constitute the principal oil-soluble 
resins. These are soluble in drying-oil and 
hydrocarbon thinners, are light-stable, and 
hence are suitable for protection of paints, 
varnishes, and enamels. 

Oleandrin, C, 0 H 4e O„ has M.P. 24» • 
It is composed of digitalosc and digitali- 
genin. 

Olefiant gas. See Ethylene. 

Olefines, Alkenes, are aliphatic hydro¬ 
carbons of the general formula C.H,. con¬ 
taining one double bond ; they arc isomeric 
with the cycloparaffins. In physical pro¬ 
perties they closely resemble the paraffins; 
the lower members are gases, the inter¬ 
mediate ones liquids, while the higher 
members are waxy solids. They arc in¬ 
soluble in water but soluble in chloroform 
and benzene. They bum with a smoky, 
luminous flame. They occur in crude 
petroleum from Russia and also in the gases 
from the “ cracking ” of American petroleum. 
They arc much more reactive than the 
paraffins, the double bond being capable 
of adding on two monovalent radicals. 
Reduced to parafllns by hydrogen in presence 
of nickel catalysts. React with halogens 
to give dihalides and with halogen acids to 
give alkyl halides. Dilute chlorine or bromine 
solutions in water react to give chloro- or 
bromo-hydrins. They dissolve in concen¬ 
trated sulphuric acid to give alkyl-sulphuric 
acids and dialkyl sulphates ; and arc oxidized 
by potassium permanganate or lead tetra¬ 
acetate to glycols. They polymerize when 
heated in presence of zinc chloride or sul¬ 
phuric acid. May be prepared by heating 
aliphatic alcohols with sulphuric acid or by 
passing the alcohol vapour over heated 
alumina. They are used as fuels and are 
the starting materials for the preparation 
of alcohols, glycols, and other substances. 

Oleic acid, C lt H„O t . 

CH, • [CH,], • CH . CH • [CH,], • COOH. 


A colourless liquid, D. 0-80-0 00. It is 
dimorphous, the stable form freezing to a 
white crystalline solid at 16°, and the 
unstable form at 12°. B.P. 286°/100 mm. 
Soluble in alcohol and ether, insoluble in 
water. It has the cis configuration. Oleic 
acid occurs naturally in larger quantities 
than any other fatty acid, being present as 
glycerides in most fats and oils. It forms 
one-third of the total fatty acids of cows’ 
milk. It can be isolated from olive oil or 
lard by saponification, precipitation with 
lead acetate, and extraction with ether 
in which lead oleate is soluble. The acid 
is recovered from the lead salt by 


treatment with dilute hydrochloric acid 
and fractionating. 

Oleum. See Sulphuric acid, Fuming. 

Oliver-Bordon filter thickener. Sec 

Filter thickener. 

Oliver filter. See Rotary filters. 

Onnes, Heike Kammerlingh (1853-1920). 
Onnes was educated at the Burger-school 
and the University of his native Groningen. 

In 1871 he went to Heidelberg to work with 
Bunsen and in 1882 was appointed professor 
of experimental physics at Leyden. His 
investigations were on the properties of 
substances at low temperatures and cul¬ 
minated in the liquefaction of helium. In 
1913 he was awarded the Nobel Prize. 
See Mem. Lect., J. Chem.Soc., 1927, p. 1193. 

Onyx. A form of silica similar to 
chalcedony and agate, with concentric zones 
of white and brown or grey. The term is 
sometimes used for a chalcedony without 
any zones or stria. It is sometimes re¬ 
garded as a marble. 

06porphyrin. Sec Porphyrins. 

Opal. An apparently non-crystalline 
form of quartz or hydrated silica contain¬ 
ing up to 12 % of combined water. It 
is chiefly used as a gem stone, but is im¬ 
portant as a probable constituent of gey- 
seritc or siliceous sinter and of diatomitc. 

Opium is the dried latex which exudes 
from the unripe capsules of Papaver sotnni- 
ferum after the outer skin has been cut 
with a knife. It contains a large number of 
alkaloids, chief among which arc morphine, 
codeine, and narcotinc. Opium is used 
chiefly as a narcotic, and while this action 
is principally due to the morphine, it is 
modified by the other alkaloids. 

Optical activity. The property possessed 
by certain substances of rotating the plane 
of polarization of polarized light. The 
property is exhibited by certain solids and 
liquids (c.g. tartaric acid and some tertiary 
alcohols), and may also be observed in 
solutions of such substances, and in the 
vapour phase. It is a molecular property, 
and characterizes those molecules which 
are asymmetric due to having four different 
groups joined to one carbon atom, or from 
restricted rotation of the molecule about 
a central valency bond. 

Optically active substances are termed 
dextrorotatory or Irevorotatory according to 
whether the plane of polarization of the 
light is rotated to the right or to the left 
with respect to the direction of incidence of 
the light, but the use of the prefixes d- 
and /- is confused. With sugars and their 
derivatives the prefixes have a configura¬ 
tional significance only and the direction 
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of rotation in these compounds is indicated 
l>y the additional prefixes ( + ) (dextro¬ 
rotatory) and ( —) (1®vorotatory). When 
these signs arc omitted it is assumed that 
the more common cnantiomorph is referred 
to. The convention has been made that 
the configuration of n- glyceric aldehyde 
shall be represented by formula I and l- 
glyccric aldehyde by formula II. 

CIIO 

HO— C— II 

I 

Cl 1,011 

II 


Clio 

I 

II—C— Oil 

I 

CH,OH 

I 


When the formula: of other sugars arc 
written in this way those which have the 

I 

configuration H—C—OH are given the 

( 11,011 

prefix D-, while l- is used for those with 

I 

the configuration HO—C—H. The same 

/h,oh 

nomenclature has been adopted by agree¬ 
ment for amino-acids, the configurational 
family to which the a-carbon atom belongs 
being denoted by the prefixes d- and L-. 
In other compounds the prefixes d - and /- 
used by themselves indicate the direction of 
optical rotation and have no configurational 
significance. Thus the lactic acid of muscle 
may be called (/-lactic acid or /*( + ) luetic 
acid. Chemical Abstracts uses n and l to 
denote configuration, and d and / to denote 
direction of rotation. 

Optical electrons. In general only the 
outermost electrons in an atom arc con¬ 
cerned in producing the emission of light. 
Such electrons arc termed optical electrons. 

Optical exaltation. An abnormal in¬ 
crease in the refractivity of an organic com¬ 
pound, over and above the additive amount 
to l»e expected from the bonds present, due 
to the presence of a system of conjugated 
double bonds (• • — C = C — C = C — • •). 

Orange IV (B), an amino azo-dye (sul- 
phanilic acid with diphenylaminc) is used 
largely for dyeing animal fibres. 

Orange chrome. See Lead chromates. 

Orange lead. See Lead oxides. 

Orbit, electronic. The electrons which 
surround the nucleus of an atom are sup¬ 
posed to be accommodated in definite orbits, 
in which they rotate like the planets re¬ 
volving round the sun. There is no ex¬ 
perimental proof of the existence of elec¬ 
tronic orbits, which arc more cautiously 
described as stationary states. 
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Orcinol, 0,11.0,. Crystallizes in prisms 
from water with one molecule 
of water and in anhydrous leaf¬ 
lets from chloroform. M.I*. 

(anhydrous) 107°-108’, B.P. 

287°-2»0\ Soluble in water, 
alcohol, and ether. It is a 
constituent of many lichens, from which it 
can be extracted with alkali. It can be 
synthesized from p-toluidinc. 

0-Orcinol is 2 : 0 dihydroxy-p-xylcnc and 
y-orcinol is 2 : 4 dihydroxy-toluene. 

Ore dressing. The term given to any 
process which is used to concentrate the 
valuable part of an ore from the original 
mineral by purely physical means. There 
arc various processes such as crushing and 
grinding, screening, gravity separation, dota¬ 
tion, magnetic separation, etc. 

Organic. The term “ organic chemistry ” 
was evolved when it was believed that sub¬ 
stances produced by or otherwise associated 
with living matter differed from purely 
mineral substances in that they were pro¬ 
duced with the aid of a “ vital force.” 
Such substances it was believed could not 
be synthesized in the laboratory from 
purely mineral materials. This belief was 
shaken by Wohler’s synthesis of urea 
from ammonium cyanutc in 1828, but the 
term " organic chemistry ** has been re¬ 
tained. Organic chemistry is now synony¬ 
mous with the chemistry of the carbon 
compounds, although the carbonates and 
certain very simple compounds of carbon 
are considered under inorganic chemistry. 

Organo-metallic compounds arc organic 
compounds in which one or more carbon 
atoms arc directly united with a metal. 
It is usual to exclude the carbides, cyanides, 
and metallic carbonyl compounds, as these 
do not show the essential properties of 
organo-metallic compounds. They arc di¬ 
vided into “simple” and "mixed” types, 
the simple type having the metal united 
only to carbon atoms and the mixed type 
having the metal united to nn acidic group 
such as a halogen. Most metals will 
form organo-metallic compounds. General 
methods of preparation are the reaction of 
an organic halide with the metal, and the 
reaction of an organo-metallic compound 
with another metal, whereby the second 
metal replaces the first in the compound. 
Many are unstable and spontaneously in¬ 
flammable in air; they arc often highly 
toxic. They are generally very reactive 
and are used in many chemical processes— 
the Grignard reagents being particularly 
important. Some of the arsenic compounds 
are valuable therapeutic agents. 
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Organosol. Colloidal dispersions in or¬ 
ganic dispersion media arc termed, in 
general, organosols and in some instances 
specific terms such as alcosol, benzosol, etc., 
arc used to indicate that the dispersion 
medium is alcohol or benzene. These 
terms arc used in contrast to the more 
usual hvdrosols in which water is the dis¬ 
persion medium. Examples of organosols 
are nitrocellulose, collodions, and rubber 
solutions in toluene or naphtha. 

Ornithine, aS-Diaminovaleric acid, 
C»H It O,N,. 

NH, • CH, • CH, • CH, • CH • COOH 
NH, 

M.P. 140°, soluble in water and alcohol, 
fa]?, 5 + 11-5°. An amino-acid occurring 
occasionally among the hydrolysis products 
or proteins, being probably formed by the 
breakdown of arginine. It is formed from 
arginine by the action of the enzyme 
arginasc and takes part in the cycle of 
events leading to the production of urea. 

Orpiment. A yellow arsenic mineral, the 
formula of which is As,S,. 

Orr, Sir John Boyd (1880- ). Born at 

Kilmaurs, Ayrshire. Orr graduated in sci¬ 
ence and medicine at Glasgow University. 
He has served on numerous Government 
Committees and Commissions, and as 
Director of the Rowctt Research Institute, 
Aberdeen. His investigations have been 
chiefly in the field of physiology and 
nutrition. Awarded the D.S.O. and M.C. 
during the 1914-1018 war, he was elected 
F.R.S. in 1932. In 1945 he became first 
director-general of the United Nations 
Food and Agricultural Organization. 

Orsat gas-analysis apparatus. This type 
is usually portable, and consists of a meas¬ 
uring burette affixed to which is a levelling 
bottle containing water by means of which 
the gas is drawn into the apparatus and 
transferred in turn to the various absorption 
pipettes containing the respective reagents. 

The apparatus is used normally for flue 
gas analysis and consists of three pipettes : 

(1) Strong caustic potash solution which 
absorbs carbon dioxide. 

(2) Alkaline pyrogallol solution which 
absorbs oxygen. 

(3) Acid cuprous chloride which absorbs 
carbon monoxide. 

The apparatus can be adapted for the 
estimation of hydrogen and methane by 
including another tube for explosion pur¬ 
poses in which a spark can be passed by 
means of an induction coil worked by a 
small battery. A fraction of the gas after 
removal of the absorbable constituents is 


COOCH, 



made up to 100 ml. with air or oxygen 
and exploded, the gases arc then brought 
back to the measuring burette, measured 
and then passed into the caustic potash 
and the amount of carbon dioxide formed in 
the explosion determined. From a know¬ 
ledge of these figures the amount of hydrogen 
and/or methane can be calculated. 

Ortho. In the case of disubstituted de¬ 
rivatives of benzene the prefix 
ortho has a precise structural , 3 
significance. Thus in the ac- / NOH 
companying formula for ortho- 
cresol, commonly written o-cresol, 
the CH, and OH groups are said 
to be in the ortho position to each other. 
The prefix is also found in orthophosphates, 
orthocarbonates, orthoformates, and ortho¬ 
silicates, which are derivatives of PO(OH)„ 
the hypothetical C(OII)„ IIC(OH)„ and 
Si(OH) 4 respectively ; in these the word 
“ ortho *’ is always written in full. 

Orthocaine, metbyl-m-amino -p-hydroxy- 
benzoate. C,H t O,N. A white 
crystalline powder, M.P. 141°- 
143°. Slightly soluble in 
water, soluble in 7 parts of 
alcohol. It may be prepared 
from p-hydroxy benzoic acid. 

It has local onscsthctic and 
antiseptic properties. 

Orthoclase, a felspar, K,AI,Si«O ie which 
occurs in monoclinic crystals having two 
molecules of the formula shown in each 
unit cell, a — 8-4 a., b =» 12-9 a., C ■ 7-1 A. 
and 0 — 116°, sp. gr. — 2 0, hardness — 
0. There arc two cleavages at 90°, refrac. 
index max. 1-525, min. 1-519, biref. 0000 
(biaxial negative), M.P. 1200% when pure, 
but the best commercial orthoclase melts 
at about 1280° C. 

Orthoformic ester, ethyl orthoformate. 

HC(OC,H,)„ is a colourless liquid, B.P. 
145*-147* ; I)» 0-8904. It is insoluble in 
water, but soluble in ether. Prepared by 
the action of chloroform on sodium cthoxidc. 
It reacts with aldehydes to give acetals, 
and with Grignard reagents to give alde¬ 
hydes. Used in organic syntheses. 

Ortho-hydrogen. According to wave- 
mechanics, the hydrogen molecule can 
exist in two forms, which may be pictured 
as due to differences in the direction of 
spin of the nuclei of the two atoms. When 
both spin in the same direction, say clock¬ 
wise, we have para-hydrogen; when the 
spins arc symmetrical, or in opposite direc¬ 
tions, we have ortho-hydrogen. Ordinary 
hydrogen is a mixture of the two forms, but 
almost pure para-hydrogen has been pre¬ 
pared by cooling ordinary hydrogen to a 
very low temperature in contact with 
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charcoal, which acted as a catalyst. The 
two forms have identical chemical properties, 
but slightly different physical properties. 

Orthorhombic system. One of the crystal 
systems comprising crystals with three 
crystallographic axes which are at right 
angles, but which are all of different lengths. 
This is also known as the rhombic system. 
Crystals of this system possess a two-fold 
axis of symmetry which is either the inter¬ 
section of two planes of symmetry or is 
perpendicular to two other two-fold axes. 
The maximum symmetry of the system 
consists of three mutually perpendicular 
planes of symmetry, the lines of inter¬ 
section of these planes being three two-fold 
axes. Typical examples urc: a-sulphur, 
potassium nitrate, and iodine. 

Oryzenin. A protein belonging to the 
glutclin class, obtained from rice seeds. 

Osazones arc organic compounds contain¬ 
ing the grouping 



N,, <Z> 

• nhQ 


They arc formed by treating a-diketones, 
a-hydroxyaldehydcs, hydroxyk ctones, 
uminouldchydcs, or aininokctoncs with 
phcnylhydmzine. The substance is dis¬ 
solved in water or dilute acetic acid, the 
phcnylhydrazinc added and the mixture 
warmed. The osazonc crystallizes out on 
cooling the solution. Various nitro- or 
broino-phcnylhydrazincs arc also used and 
their osazones often crystallize more readily 
than the simple phenyl osazones. They are 
crystalline solids sparingly soluble in water 
but soluble in alcohol. 

Oslo crystallizer. See Jeremiassen crys¬ 
tallizer. 

Osmiamic acid, HOsO,N, may be pre¬ 
pared in solution from its salts, but de¬ 
composes on concentration. The alkali 
osmiamates arc formed by the action of 
ammonia on a cold alkaline solution of 
osmium tetroxide; they are orange-yellow 
crystalline bodies. Other salts inay be 
prepared by double decomposition. 

Osmic acid is a name often but incorrectly 
given to osmium tetroxide and its solution 
in water. The name should refer to the 
acid II 2 0s0 4 , formerly supposed to exist as 
a black precipitate which is now believed 
to be the hydrated dioxide. Salts derived 
from H 2 0s0 4 exist and are known as 
osmates; c.g. K,0s0 4 , 2H,0 forms deep 
garnet-red octahedra formed by reduction 
with alcohol from a solution of the tetroxide 
in aqueous potassium hydroxide. 


Os mi nitrites are stable complex salts of 
tervalent osmium, having the general 
formula M^OsfNO,),. The potassium and 
ammonium salts arc yellow crystalline 
substances formed by the gradual addition 
of the nitrite to a wurm solution of the 
chloro-osmate. Others have been obtained 
by double decomposition. 

Osmiridium is the name given to native 
or synthetic alloys of osmium and iridium. 
The native alloy occurs as very hard 
metallic granules having a sp. gr. of from 
19-3 to 211. It contains from 50% to 
80 % Ir, 15 % to 40 % Os with, as a rule, 
a few per cent, of Hu and Rh and small 
amounts of other metals (Ft, Cu, Fc, Ni). 
It is used for special purposes in which a 
very hard and incorrodible material is 
required, such as the tips of fountain pen 
nibs and sparking point*. 

Osmium. Os. At. no. 70, At. wt. 190 2. 
Osmium is a very hard, brittle, bluish-white 
metal, and with it* sp. gr. 22-48 is the 
densest substance known. The M.P. is 
from 2200° to 2000®. It has the hexagonal 
close-packed structure. 

Osmium is rather more easily oxidized 
than most of the platinum metals, although 
its alloy with iridium, osmiridium, is very 
resistant. Osmium is oxidized quite readily 
by air at temperatures above 200°, forming 
the volatile tetroxide, and is rendily dissolved 
by aqua regia and even by fuming nitric 
acid. In its compounds it exhibits valencies 
of 2, 3, 4, 0, and 8. When finely divided 
the metal has great catalytic powers and 
it* use as a hydrogenating catalyst has 
been proposed. It is also used for the 
manufacture of electric light filaments, and 
the tetroxide is used as a stain in micro¬ 
scopic work. 

Osmium chlorides, OsCl a , OsCl,, and 
OsCI 4 , are known, and there arc indications 
that OsCl, probably exist*. 

OsCl, is formed by the decomposition of 
the trichloride at 500® under reduced 
pressure. It is a dark-brown powder, little 
affected by water, although on prolonged 
boiling it forms a yellow solution. 

OsCl, in the anhydrous state is best 
obtained by the ignition of (NH 4 ),OsCI, in 
chlorine at 350®. It forms brownish-black 
hygroscopic crystals, readily soluble in 
water. OsCl,, 3H t O has been obtained by 
wet methods as dark-green crystals. 

OsCl 4 is formed by direct union of the 
elements at about 700°. It is a black sub¬ 
limate which gives a yellow vapour. It is 
slowly hydrolysed by water. 

Osmium chlorides, complex. There are 
two series: the chloro-osmites, M'jOsCI,, 
and the chloro-osmates, M'jOsCI,. Both 
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may be obtained by the reduction under 
suitable conditions, of Os0 4 with HCI in 
presence of an alkali chloride or hydroxide. 

K OsCl«, 3H,0 and (NH 4 ),OsC 1 4 , 3H,0 are 
dark red crystals, readily soluble in water. 
KjOsC 1 4 forms red octahedra, and is iso- 
morphous with K,PtCI f . 

Osmium, detection and estimation. See 
Platinum metals. 

Osmium fluorides, OsF 4 , OsF„ and 
OsF. are known. They are all formed 
simultaneously in varying proportions when 
fluorine acts at about 250° on finely- 
divided specimens of osmium formed by 
reduction at low temperatures. OsF 4 and 
OsF. have not been obtained pure. OsF, 
is a yellow solid, M.P. 34-5°, B.P. 47-4°. It 
dissolves in water with partial hydrolysis to 
the tetroxidc, and is violently reactive to 
organic matter. Its existence is of interest 
from the standpoint of the electronic theory 
of valency. 

Osmium iodide, Osl, • 2HI, is formed as 
on emerald-green substance by the reduction 
of 0s0 4 with KI and HCI. Its solution is 
intensely green and its formation has been 
proposed as a sensitive colorimetric reaction 
for osmium. OsI 4 and iodosmates such as 
KjOsI, arc also known. 

Osmium oxides. The best-known oxide 
is 0s0 4 . OsO, and 0s,0„ both anhydrous 
and hydrated, exist, and OsO has been 
described as a black insoluble powder. 

Os,0, is obtained by heating compounds 
of tcrvalcnt osmium in an inert atmosphere 
with sodium carbonate. It is a dark 
powder insoluble in acids. A hydrated 
form, 0s,0„ *H t O, is precipitated by 
alkalis from solutions of tervalent osmium 
compounds. By the application of similar 
methods to compounds of quadrivalent 
osmium, OsO„ 211,0, or anhydrous OsO*, 
may be obtained. The latter is variously 
described as a brown or black powder, or as 
copper-coloured crystals. Above 460° it 
decomposes, forming the metal and the 
tetroxidc. 

0s0 4 is readily obtained by heating the 
metal in air, or by oxidizing the finely 
divided metal or the lower oxides with 
nitric acid. It exists in two crystalline 
forms, white and yellow, melting at 39 5° 
and 41° respectively. Its B.P. is 129°. 
It is soluble in water, and the solution, 
known as “ osmic acid,” or more correctly 
as perosmic acid, is used as a stain in micro¬ 
scopic work. This solution behaves as a 
very feeble acid and forms crystalline com¬ 
pounds such as Os0 4 , 2KOH with alkali 
hydroxides. The vapour has a penetrating 
smell, and is very poisonous. 


Osmium sulphides, OsS, ami OsS 4 , are 
formed as precipitates by the action of 
H,S on various osmium solutions. They 
are insoluble in alkalis or alkali sulphides. 
When H,S acts on the dried precipitate 
which was formerly supposed to be osmic 
acid ( q.v .) a violent reaction takes place, 
and a substance, Os t O,(SH)„ is formed which 
has a definitely acidic character, in that 
it dissolves in sodium carlionatc solution, 
liberating CO,. 

Osmocyanides arc the best-known com¬ 
pounds of bivalent osmium. K 4 Os(CN) 4 , 
3H,0 is obtained by the action of KCN on 
alkaline solutions of the tetroxide, or by 
fusion of various osmium compounds with 
KCN. It forms yellow crystals, and its 
solution gives characteristically coloured 
precipitates with various heavy metal salts. 
The free acid H 4 Os(CN), can be isolated as 
white crystals. 

Osmosis. The process of spontaneous 
flow of liquids through a membrane. This 
effect is usually observed across a membrane 
such as a piece of parchment or a membrane 
in a living plant, or in animal matter, in 
which there is a difference in the liquid on 
the two sides of the membrane. Thus, if 
a membrane separates two liquids, one of 
which is the pure solvent and the other a 
solution, some of the solvent will pass 
through the membrane from the pure 
solvent into the solution. 

Osmotic pressure. The osmotic pressure 
of a solution is the pressure exerted on the 
walls of the containing vessel by the solute 
only. It may be measured as the pressure 
on a membrane permeable only to the 
solvent. In dilute solutions non-electro¬ 
lytes exert an osmotic pressure equal to 
that w hich they would exert if they existed 
as gases under the same conditions of 
molecular concentration and temperature. 

Osmyl compounds are complex salts 
having the general formula M'jOsOjX,, 
where X is a univalent negative radical. 
In general they may be obtained by the 
action of an appropriate reducing agent on 
OsO, in presence of an alkali hydroxide or 
a suitable salt. They arc fairly stable in 
acid solution but are hydrolysed by water 
and broken up by caustic alkalis, forming 
osmates. Examples are potassium osmyl 
nitrite, KjOsO^NO,),; potassium osmyl 
chloride, K 2 OsO,C 1 4 ; and potassium osmyl 
oxalate, K,0 s0,(C,0 4 ) 2 . 

Osmyl oxy-compounds arc complex salts 
having the general formula M’jOsOjX., X 
being a univalent negative radical. They 
resemble the osyml compounds, and arc 
formed in similar ways. 
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Ostwald, Carl Wilhelm Wolfgang (1883- 
15 >43). Wolfgang Ostwald was liorn at 
Higa, Russia, and educated at I.cipzig. 
After working as a research assistant at 
the Physiological Institute of the University 
of California from mot to 1000 he returned 
to Leipzig, where he pursued an academic 
career, becoming ordinary professor of 
colloid chemistry in 1035. He wrote 
several books on colloid chemistry and 
edited the Kolloid-Zeitschrijl and the 
Kolloid Ileihefle. 

Ostwald, Wilhelm Friedrich (1853-1032). 
Ostwald received his early education at 
the University of Dorpat. In 1881 he 
wns appointed professor of chemistry in 
the Polytechnic of his native town, Riga, 
and in 1887 professor of physical chemistry 
in the University of Leipzig. He was 
awarded the Nobel Prize in 1900. An 
inspiring teacher, Ostwald laid the founda¬ 
tions of mnny sections of physical chemistry. 
He discovered the " Ostwald Process ” for 
the preparation of nitric acid by the oxida¬ 
tion of ammonia. See Mem. Lcct., J. 
Chem. Soc., 1033, p. 810. 

O’Sullivan, Cornelius (1841-1007). Horn 
at Ilandon, Co. Cork, O'Sullivan studied in 
London at the Royal School of Mines and 
the Royal College of Chemistry. In 1809 
lie became assistant brewer and chemist to 
Messrs. Bass, with whom he remained for 
the rest of his career, eventually becoming 
chief brewer. His more important papers 
deal with the chemistry of starch and of 
the carbohydrates. He was awarded the 
Longstaff Medal of the Chemical Society 
in 1884, and in 1885 was elected a Fellow of 
the Royal Society. 

Ouabain, or G-Strophanthin, is the glyco¬ 
side prepared from Strophanthus grains. 
It is made up of rhamnosc and ouabagenin. 
It is much more toxic than the strophanthin 
obtained from Strophanthus kombi and 
it is used as the international standard 
against which preparations of strophanthus 
are standardized by biological methods. 

Ovalbumin, Egg albumin. The chief 
protein constituent of white of egg. It can 
be prepared by precipitating the globulins 
from egg white by half saturation with 
ammonium sulphate and then precipitating 
the ovalbumin by adding acetic acid. It 
crystallizes in fine needles, soluble in water. 
Its molecular weight, measured by the 
ultra-centrifuge, is about 40,000. 

Overall plate efficiency. The ratio of the 
number of plates in a plate or bubble-cap 
tower theoretically required to effect a given 
separation to the number of plates actually 
found to be necessary in practice. 


Owens, Robert Bowie (1870- ). Horn 

in Maryland, U.S.A., Owens wns educated 
at Johns Hopkins University, Columbia 
University, and McGill University. He was 
ap|>ointcd professor of engineering, 
Nebraska (1891), Macdonald Professor of 
electrical engineering, McGill University 
(1898), and Secretary, Franklin Institute, 
Philadelphia (1910). In addition to his 
engineering researches, Owens first ob¬ 
served the emission of an emunation from 
thorium. 

Oxalacetic acid, C 4 1I 4 0 $ . The keto form 
of this acid, IIOOC . CO . CH,. COOII has 
not been isolated, though salts and esters 
of it have been obtained. Two cnol 
forms have been obtained as colourless 
crystals : 

IIOOC. C. OH IIOOC . C. Oil 

U and II 

II.C.COOH IIOOC. (.11 


:ooii 


The truns form has M.P. 184°, and the 
cis form M.P. 152°. Soluble in water and 
alcohol. The diethyl ester, called oxal¬ 
acetic ester, is a valuable product for many 
syntheses. 

Oxalates. Salts or esters of oxalic acid. 

Oxalic acid crystallizes from water in 
large colourless prisms containing 
two molecules of water of crystal- y 00 ** 
lization. It is poisonous, causing 
paralysis of the nervous system. 

M.P. 101-5° (hydrate). 180-5° (anhydrous). 
Soluble in water and alcohol; sparingly 
soluble in ether (solubility increases in 
presence of hydrochloric acid). It occurs 
as the free acid in beet leaves, ns potassium 
hydrogen oxalate in wood sorrel and rhu¬ 
barb, and as the calcium salt in lichens and 
certain moulds. Manufactured by heating 
sawdust or similar material with sodium 
hydroxide and also by heating sodium 
formate with or without alkalis. It is 
also formed by the oxidation of carbo¬ 
hydrates with nitric acid in presence of 
vanadium pentoxidc. The anhydrous acid 
sublimes at about 157°. When heated 
with sulphuric acid it is decomposed to 
carbon monoxide, carbon dioxide, and 
water. Gives formic acid when heated 
with glycerin. Forms both acid and 
neutral salts. The normal potassium and 
ammonium salts are soluble in water; the 
corresponding acid salts are less soluble 
and the salts of other metals are only 
sparingly soluble. The calcium salt is 
very insoluble. Used in calico-printing 
and in the manufacture of inks, for cleaning 
metals and whitening leather. 

Oxalic ester. See Diethyl oxalate. 
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oxamide is a colourless crystalline solid. 
Insoluble in water and alc0 |» 0, ‘ CONH, 
Prepared by mixing ethyl oxalate . 
with concentrated ammonia. When £ 0 NH t 
heated it decomposes. Reacts with 
hot water to give ammonium oxalate. 
Forms dicyanogen when heated with 

ring is 

" U oXr ATnerie name tor P «| 
enzymes that catalyse oxidation l*_J N 

Pr Oridati 0 n. Any process whereby the pro¬ 
portion of the electronegative constituent in 
a compound is increased, as for example, m 
the conversion of Cu.O to CuO, or of FeCI, 
to FeCI,. The reduction of an ion consists 
of an increase in its positive charge or a 
decrease in its negative charge- 

Oxidation-reduction potential, Redox 
potential. If an unattackable electrode is 
immersed in a reversible oxidation-reduction 
system a potential difference is set up at 
the electrode. This is called the oxidation- 
reduction potential and can be measured 
by a potentiometer. It is a measure of the 
state of oxidation of the system. 

Oride The compound of oxygen \wtn 
anotfier' clement. Oxide, arc divided into 
acidic oxides, which react with bases to 
form salts (e.g. SO,, P.O.); basm oxide*, 
which react with acids to form salts e.g. 
CuO, CaO), and amphoteric oxides, which 
exhibit both basic and acidic properties 
(e.g. Al.O,). There arc in addition a few 
oxides which arc sometimes classed as 
neutral oxides (e.g. CO. NO), and also 
peroxides, which arc metallic derivatives 
of hvdrogen peroxide. 

In many cases substances commonly 
regarded as oxides do in fact contain con¬ 
siderable amounts of combined water, 
the complete removal of which markedly 
affects the properties of the substance. 
Some oxides, e.g. ZnO, change colour on 
heating, or. as in the case of CdO. show a 
colour dependent to a large extent on the 
manner of preparation ; it is thought that 
in such oxides the proportion of metal to 
oxygen is slightly non-stoichiometric. 

Oximes are organic compounds containing 
the group = N • OH united directly to a 
carbon atom. See Aldoximes and Ketoximes. 

Oxine, 8-Hydroxyquinoline, C 9 H-ON. 
Crystallizes in light brown 
needles from alcohol, M.P. 75°- 
76°. Soluble in alcohol, practic¬ 
ally insoluble in water, soluble 
in acids and alkalis. It forms <5 h 
insoluble derivatives when its 
phenolic hydrogen atom is replaced by 



metals. The solubilities of the derivatives 
vary under different conditions and hence 
oxine is widely used in analysis. It can be 
used for estimating magnesium, aluminium, 
zinc, and many other metals. 

Potassium 8-hydroxyquinoline sulphon- 
ate. which is a light yellow crystalline 
powder soluble in water, is used as an 
antiseptic under the trade name of Chinosol ; 
its antiseptic action depends on its property 
of forming complexes with metals essential 
to the growth of bacteria and so removing 
them from solution. 

Oxonium. The ion (OH,)*, believed to 
be formed by association of a neutral 
water molecule with a hydrogen ion, and, 
together with the negative hydroxyl ion, 
to constitute the product of ionic dissoci¬ 
ation of liquid water. 

Oxyazo dyes. These form a group of 
azo dyestuffs characterized by the presence 
of an* —OH group in the molecule. The 
soluble oxyazo compounds are the sodium 
salts of the various sulphonic acids, and arc 
prepared by combining sulphonic acids of 
phenols and naphthols with diazo salts. 
Typical examples arc : Ponceau 4SB, 
Crystal Ponceau, Fast red A. See Azo¬ 
dyes. 

Oxygen. O. At. no 8, At. wt. 10 000. 
A colourless, odourless gas; it is slightly 
soluble in water, 100 volumes of water at 
0* dissolving nearly 5 volumes of oxygen at 
normal pressure; it can be condensed to a 
bluish liquid boiling at - 182-5° at 700 mm. 
and may be frozen to a solid resembling 
snow, M.P. - 227®. The critical tempera¬ 
ture is - 110° and the critical pressure 50 
atmospheres. Liquid oxygen is attracted 
by a magnet. There arc three isotopes of 
oxygen with masses of 10, 17, and 18. 
Ordinary oxygen contains about 0-2 % of 
the isotope of muss 18 and ubout 0 0 i % of 
the isotope of mass 17. 

Oxygen is the most abundant element in 
the earth’s crust. It is contained in the air, 
in water, in limestone, sandstone, and all 
other rocks. It was discovered independ¬ 
ently by Schccle about 1772, and by 
Priestley in 1774, but Schccle did not 
publish his discovery until 1777. 

Oxygen is manufactured on a large scale 
by the distillation of liquid air; it was 
formerly made by heating barium dioxide. 
See Brin’s process. On a small scale 
oxygen is conveniently made by heating 
potassium chlorate mixed with manganese 
dioxide, the latter acting as a catalyst. 

Metallic silver and some other metals 
absorb oxygen at about 500 J and emit it 
on cooling. Oxygen combines with most 
of the elements to form oxides, some of 
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which arc acidic, some basic. The molecule 
of oxygen consists of two atoms ; a modi¬ 
fication in which the molecule consists of 
three atoms is called ozone. 
y Oxygen standard (of atomic weights). 
For practical purposes it has been found 
convenient to fix the atomic weight of 
oxygen arbitrarily at the value sixteen 
exactly. On the basis of oxygen = 16 0000, 
the atomic weight of hydrogen is 1 0078. 
This basis is known as the chemical atomic 
weight basis, and differs from the physical 
basis, in which the mass of the lightest 
isotope (O'*) is taken as 16 0000. It is 
the latter which was used as the standard 
by Aston in his mnss-spcctrogmphic method 
of determining atomic weights. 

Oxyhemoglobin. Sec Hxmoglobin. 

0-Oxynaphthoic acid. Sec 2-Hydroxy-3- 

nuphthoic acid. 

Oxytocin. Sec Pituitrin. 

Ozokerite is a naturally occurring waxy 
solid. Large deposits arc found in the 
Miocene formations in Poland, Roumania, 
the Caucasus, and Utah. The wax is 
separated from mineral matter by melting 
in hot water and skimming off the layer of 
wax. The colour varies greatly with the 
source from a light greenish-yellow to black. 
It is purified by distilling it in steam and 
treating the product with fuming sulphuric 
acid. The white, purified product is known 
as ccresin, and is used in the manufacture 
of candles, polishes, and as a substitute for 
bees’ wax. The chemical nature of the wax 
is still uncertain but it seems to be a mixture 
of saturated and olefine hydrocarbons of 


high molecular weight, together with a 
certain amount of liquid hydrocarbons. 

Ozone, Oj. An allot ropic form of oxygen 
which, in the pure state, is a gas with a 
pale blue colour condensing to a dark blue 
liquid (B.P. —112-4°; M.P. -249-7°; 
crit. temp. — 5°). Ozone mixed with 
oxygen is prepared by passing oxygen 
through an ozonizer, which consists either 
of two co-axial tubes or of a series of 
plates between which an electrical brush 
discharge is passing. Ozone is decomposed 
rapidly at temperatures above 100°, or at 
room temperatures in presence of certain 
catalysts (c.g. MnO,). It has very strong 
oxidizing properties, and is used in its 
diluted form for sterilizing water, for puri¬ 
fying air, und for carrying out certain 
oxidation reactions in organic chemistry. 

Ozonides. These are obtained by the 
action of ozone on various classes of un¬ 
saturated organic compounds. The most 
recent view is that they have the structure 


<H—. 


Ozonides arc prepared 


by passing ozonized air or oxygen into the 
unsaturated compound dissolved in a suitable 
solvent. Most ozonides arc thick oils with 
an unpleasant choking smell and arc ex¬ 
plosive. They arc decomposed readily, some 
by water, others by acetic acid or reducing 
agents. From an analysis of the decom¬ 
position products the position of the double 
bond in the original unsaturated compound 
can usually be determined. 


Packing fraction. Since atoms consist of 
electrons, and perhaps positrons, of negli¬ 
gible mass, and protons and perhaps 
neutrons of mass equal to that of the 
hydrogen atom, it might be expected that 
the mass of every atom should be an 
integral multiple of the mass of a hydrogen 
atom. This is not the case. A loss of 
mass appears to occur when electrons and 
protons arc packed together to form an 
atomic nucleus. Thus the relative weights 
of an oxygen and a hydrogen atom are 
1C : 1 008. This is explained by the theory' 
that mass is really of electrical origin, and 
it may be shown that by packing electrical 
charges in close proximity, the interaction 
of the fields causes an apparent loss in mass. 
If it is assumed that the packing of the 
protons in the oxygen atom is normal, 
then the atomic weights of all elements 
with normal packing should have integral 
atomic weights if the atomic weight of 


oxygen is fixed at 1G exactly. A deviation 
from this whole-number rule is then in¬ 
dicative of abnormal packing, and may be 
measured by the packing fraction, which is 
the deviation from the whole-number rule 
per proton or neutron in the nucleus, e.g. 
the atomic weight of carbon is 12-0030, 
instead of 12. There arc obviously 12 
protons and neutrons in the nucleus, hence 
the packing fraction is 


12 0030 - 12 
12 


= 0 0003. 


Paddle agitator. This type of agitator 
consists of one or more blades of suitable 
shape attached at right angles to a rotat¬ 
ing shaft. Although comparatively slow 
moving, these agitators are more efficient 
in the mixing of mobile liquids than is 
commonly supposed ; they tend, however, 
to impart a swirling motion to the mass 
as a whole, and various modifications have 
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. ;ntrnduced to decrease the loss of 
efficiency due to this effect. Gate agitators. 
5 called on account of the shape of the 
“tog members, also fall into this elass. 

palladium, At. no. 40. At. »t. 100 7, ,s a 

wh ite metal resembling silver m appearance 
and platinum in its mechanical properties. 

U has the facc-ccntrcd cubic structure 
a = 3-882 a., 

its sp «r. is about 110 . and its M.P. is 1553*. 
It is the least noble of the platinum metals, 
being dissolved by cone, n.tnc acid or by 
hot sulphuric acid. At a dull red-heat it 
is oxidized superficially, or completely if 
finely divided, to PdO, which, however, 
decomposes at higher temperatures. Its 
most important properties a ^ e ,ts P° wcr °[ 
absorbing hydrogen (see Palladium and 
Hydrogen) and its catalytic activity. The 
compact metal enables hydrogen to be 
oxidized by air at 280°. andl the ^finely 
divided forms (“spongy palladium and 
“palladium black.” q.v.) are still more 
active, and in their presence hydrogen is 
converted to water at room temperatures. 

In its compounds palladium is bi- or 

principal uses are in the laboratory, 
and arc applications of its catalytic activity 
or of its power of absorbing hydrogen. The 
salts arc used in photography, and alloys 
with gold have been used as substitutes for 

platinum. . . „ .. 

Palladium ammines. Bivalent palladium 
forms a number of stable ammino-salts, 
which arc analogous to those of bivalent 
platinum and have the co-ordination 
number four. The chief types are [PdA 4 )X, 
and [PdA t X|J, in which A is ammonia or a 
substituted ammonia or other such molecule, 
and X a univalent acidic radical. 

The isomerism of these compounds has 
been much studied, in view of its bearing on 
the question as to whether the four co¬ 
ordinated groups are arranged tetrahedrally 
or in a plane. Crystal structure work 
supports the latter view in the simplest 
cases, but the stereo-chemistry of some of 
these substances is not yet satisfactorily 
established. 

Palladium and hydrogen. Palladium, on 
exposure to hydrogen, takes up several 
hundred times its volume of the gas. This 
is true of the compact metal; the finely 
divided forms absorb the gas more rapidly 
and to an even greater extent. The 
product may be regarded as an alloy: its 
appearance is but little different from that 
of the original metal, but its electrical con¬ 
ductivity is much diminished and its 
mechanical properties are affected. The 


hydrogen in this condition has an enhanced 
chemical activity and can perform many 
reduction reactions which would otherwise 
require “ nascent ” hydrogen. The amount 
of hydrogen absorbed depends greatly on 
the previous history of the metal and the 
presence of impurities (“ poisons **); it 
varies in a rather complicated manner with 
temperature and pressure. The pheno¬ 
mena are not yet completely understood, 
but it is fairly certain that a part at least of 
the hydrogen is present os free atoms, and 
that some of it is in true solid solution and 
some condensed on the surface. It has also 
been suggested that a compound is formed, 
and also that an allotropic change of the 
palladium plays a part in the process. 

“ Palladium black ” is a very finely 
divided precipitate obtained by the action 
of reducing agents on solutions of the salts. 
Its behaviour is that of the metal in a very 
fine state of subdivision, but it always 
contains some oxygen. 

Palladium chlorides. PdCI, is known, 
and PdCI, and PdCl 4 exist in solution. 
Complex chlorides (q.v.) derived from all 
three arc known. 

Anhydrous PdCI, may be obtained by 
heating the metal in chlorine, or by care¬ 
fully dehydrating PdCI,, 2H,O t which is 
obtained by crystallization of the solution 
formed by the action of hydrochloric acid 
and chlorine on the metal. The dihydratc 
is a brown hygroscopic mass, the anhydrous 
salt forms dark-red crystals which decom¬ 
pose at about 150° in an inert atmosphere, 
but can be sublimed at low red-heat in a 
current of chlorine. 

PdCI, and PdCl 4 exist in brown unstable 
solutions of the corresponding oxides in 
hydrochloric acid. 

Palladium chlorides, complex. Three 
series of complex chlorides exist, having the 
general formula! M,PdCI 4 , M,PdClj, and 
M,PdCl*. where M is a univalent metal. 

The chloropalladitcs or palladochloridcs, 
of which K,PdCI 4 is the best known, are 
readily obtained by crystallizing solutions 
of their component chlorides as brownish- 
yellow crystals. 

Rb 2 PdCl s and Cs,PdCI 5 arc formed as 
green crystals by the action of hydrogen 
chloride in presence of the alkali chloride 
on a suspension of the hydrated sesquioxidc 
in ether at low temperatures. They arc 
very unstable and decomposed by water. 

The chloropalladates or palladichlorides 
are formed by the action of chlorine on solu¬ 
tions of the chloropalladites. The potassium 
salt, K.PdCl,, is the best known ; it is a dark- 
red substance, isomorphous with K,PtCl e , 
and, like it, sparingly soluble in water. 
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Palladium, detection and estimation. See 
Platinum metals. 

Palladium hydrosol is readily obtained by 
reducing a solution of the chloride with 
hydrazine hydrate in presence of sodium 
lysalbinate. It is a very powerful catalyst 
for hydrogenation reactions, and has been 
used instead of nickel for this purpose as 
the reactions take place at a lower tempera¬ 
ture. 

Palladium oxides. PdO is the only oxide 
which is known in the anhydrous condition. 
It is formed by careful ignition of the 
nitrate, by prolonged heating of the finely 
divided metal in oxygen at about 800°, or 
in a hydrated form by hydrolysis of pallu- 
dous salts, cither on boiling with excess of 
water or by addition of sodium carbonate. 
It dissolves easily in dilute acids. 

A hydrated sesquioxide, Pd,0„xH,0, has 
been obtained ns an unstuble brown pre¬ 
cipitate by electrolytic oxidation of palla- 
dous solutions, and by the same method or 
by precipitation from solutions containing 
quadrivalent palladium, the hydrated di¬ 
oxide PdO,, a?11 jO is formed. Bot h arc very 
unstable, and cannot be dehydrated with¬ 
out decomposition. With hydrochloric acid 
they form unstable brown solutions which 
contain the corresponding chlorides. 

“ Palladium, spongy,” is a finely-divided 
form of the metal obtained by reduction in 
the dry way, c.g. by heating an nmmino- 
chloride in hydrogen. 

Palladium sulphides, Pd,S, PdS, and 
PdS, arc known. They arc best obtained 
by dry methods, although PdS is precipi¬ 
tated by hydrogen sulphide from solutions 
of palladium compounds. They are all 
inert insoluble substances. PdS, forms 
soluble double sulphides such as Na,PdS, 
with sulphides of the alkali metals. 

Palladous iodide, Pd I,, is the only known 
iodide of palladium. It is a black powder 
obtained by precipitation. It is insoluble 
in water but dissolves in excess of iodide 
solution, forming iodo-palladitcs such as 
K,PdI 4 . 

Palladous nitrate, Pd(NO,),, is formed 
when the metal dissolves in nitric acid. It 
is a brownish-yellow crystalline salt, very 
deliquescent and readily soluble in water, 
forming an unstable solution which is very 
easily hydrolysed, precipitating PdO. 

Palladous sulphate, PdS0 4 , 2H,0, is ob¬ 
tained as reddish deliquescent crystals by 
the usual wet methods. It is readily 
soluble in water, the solution being hydro¬ 
lysed on dilution and a basic salt precipi¬ 
tated. 

Palmitic acid, n - Hexadecylic acid, 
C w H«O g . Cl!, • (CII,] M • COOH. Crys¬ 


tallizes in needles, M.P. 03’-04°, B.P. 300’. 
Soluble in ether, slightly soluble in alcohol, 
insoluble in water. Palmitic acid is one 
of the most widespread fatty acids and 
occurs as glycerides in most animal and 
vegetable fats and oils and as esters of 
alcohols other than glycerol in various 
waxes. The best sources of it arc Japan 
wax and palm oil. It forms 40 % of the 
total fatty acids of cows’ milk. A solid 
mixture of palmitic and stearic acids, 
“ stcarinc," is used for making candles, 
and the sodium and |>otassium snlts of 
palmitic and stearic acids arc the soaps. 
Palmitic acid can be obtained by hydro¬ 
lysing natural fats with superheated steam 
when it is the first fatty acid to distil 
over. 

Paludrine, N ,-p-chlorophcny 1-N 5 -isopro- 
pyl biguanide, C ( ,H u N t Cl. 


/-\ yCH, 

-*l—< >NH • C • NH • C • Nil • CH< 

NH Nil Nt: ". 


Paludrine is a recently introduced synthetic 
nntimalarial. Occasional small doses will 
prevent clinical symptoms and, unlike 
quinine and mepacrine it acts as a pro¬ 
phylactic in malignant tertian malaria. 
See Chcm. and Ind., 1940, 75. 

Pamaquin, plasmoquin, C 4 ,II 44 0,N„ is 
the salt of G-mcthoxy-8-(u-dicthylamino-a- 
mcthylhutyl) amino-quinolinc. 



x C a lI 4 

with 2:2'- dihydroxy-1 : 1'- dinaphthyl- 
methanc-3 : 3'- dicarboxylic acid. 



It is a yellow granular powder, insoluble in 
water, readily soluble in alcohol. It is a 
synthetic antimalarial, used either alone, 
or better in association with quinine or 
mepacrine. Unlike quinine it acts more 
powerfully on the gametocytes than the 
schizonts of the malaria parasite. 

P and A tar extractor (Pelouze and 
Andouin). In this apparatus the raw gas 
is divided into a number of fine streams of 
high velocity which impinge on steel plates. 
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is 


CH* 

It has been 
r a l*» 4- 37-5°. 

[Ills ore crystalline. 

„r*wth factor for certain micro-organisms 
Id acts as a vitamin in that it will cure a 
dermatitis in chicks. _ It Js J— in 


obtained ns a viscous oil, 
The calcium and sodium 
Pantothenic acid 


CII 

CII 
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many natural products and can be pre- 
nared by condensing /J-/J-dnnethyl-a- 

hvdroxy-butyrolactonc with 0-alanine. 

Papain is the typical plant proteinase 
having the property of liquefying proteins. 
It is activated by glutathione and other 
SH compounds, also by HCNV The presence 
of a labile SH group in the papain molecule 
has been deftnitely established. The corre¬ 
sponding animal protein-liquefying enzyme 
is termed enthepsin. The activity is a 
maximum over the range p„ 4 to 7; it does 
not hydrolyse simple polypeptides. The 
protease of the pineapple, termed bromclin, 

Papaverine^ C, 0 H„O 4 N. One of the 
alkaloids of opium. 

It crystalli7.es in 
prisms from alcohol- 
ether and in needles 
from chloroform-pe¬ 
troleum ether, M.P. 

147°. Insoluble in 
water, soluble in hot 
alcohol. Optically in¬ 
active, it forms crys¬ 
talline salts with 
acids. Papaverine is 
mildly soporific in action, in large doses it 
causes tetanus. 

Paper. Paper is prepared by the de¬ 
hydration of an interwoven mat of hydrated 
cellulose fibres. Nearly any type of fibrous 
cellulose material can be used in its prep¬ 
aration. The properties of the resulting 
paper depend largely on the degree of hydra¬ 
tion and sub-division of the fibres. In order 
to make paper less porous and, to some 
degree, water-repellent, it has to be sized (q.v.). 

Para. In the accompanying formula for 
para-cresol, commonly written p- CH, 
cresol, the CH, and OH groups are 
said to be in the para position to 
each other. This use of the prefix 
is confined tQ disubstituted benzene 
derivatives ; in such cases as para- 
hydrogen and para-formaldehyde the prefix 

25 


has no uniform structural significance and 
is always written in full. 

Para-acetaldehyde. See Paraldehyde. 

Parabanic acid, Oxalylurea, C 3 H,0,N,. 

Crystallizes in needles or 
prisms, which partiully sublime 
at 100° and decompose at 243°. 

Soluble in water. It can also 

be crystallized with one mole- UN_Of) 

eule of water, which it loses at 

150°-100°. It can be prepared from urea 

and oxnlyl chloride. Its salts are unstable. 

Paracelsus. Phiiippus Aureolus Theo¬ 
phrastus Paracelsus Bombastus von Hohen- 
heim was born at Ktzcl in Switzerland in 
1403 ; he wandered from one country to 
another practising as a surgeon or a quack : 
he was a vain, impudent charlatan, but lie- 
insisted that chemistry- ought to be used not 
to make gold but medicines and other useful 
substances. He died at Salzburg in 1340. 

Parachor. The existence of attractive 
forces between the molecules of a liquid 
prevents the use of the molecular volume 
for comparing the dimensions of molecules. 
To allow for these forces Sugden employed 


instead the parachor p 


where 


Y is the surfucc tension. M the molecular 
weight, and I) und <1 the densities of the 
liquid and vapour respectively. The para- 
chor is a measure of the true molecular 
volume, which has been widely used to 
determine the constitution of organic and 
inorganic compounds. 

Paraffin. Sec Kerosene. 

Paraffinic crude oil. A crude oil which 
on distillation yields a residue containing 
a proportion of paraffin wax in distinction 
to those crudes which yield an asphaltic 
residue. 

Paraffins, Alkanes, arc aliphatic hydro¬ 
carbons of the general formula C„H, n *,. 
The first four members arc gases, the higher 
members arc liquids and those above 
C 1# H ,4 are waxy solids. They are insoluble 
in water but soluble in chloroform and 
benzene. They form the chief constituents 
of American petroleum and occur in all 
petroleum deposits. They arc remarkably 
resistant to chemical action and only 
chlorine and bromine will react with any 
ease. These give chloro- and brotno- 
substituted paraffins. They are formed by 
the reduction of olefines or by treating 
alkyl iodides with sodium in ethereal 
solution. 

Parafflnum molle. Soft paraffin. See 

Vaseline. 

Paraffin wax. Hard paraffin, is a white, 
semi-translucent, odourless and tasteless 
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solid. It feels greasy to the touch and 
freshly broken surfaces appear crystalline, 
D = 0 88 - 0 04, M.P. 50°-G0°. Insoluble 
in water, acetone, and cold alcohol ; 
soluble in benzene, ether, or chloroform. 
Obtained from the high-boiling fractions of 
oil from bituminous shale or brown coal; 
also obtained from petroleum. It consists 
of a mixture of hydrocarbons of the paraffin 
series ranging from C tl II 4 , to C W H„. It 
is very inert chemically, and is used for 
making candles and ointments and for 
waterproofing paper and textiles. 

Paraformaldehyde, Paraform, Trioxy- 
methylene, is a mixture of polvmcthylcnc 
glycols of the type ( 011 , 0 ).. 11,0 where 
" is 0 to 50. It is a white, amorphous 
powder having the odour of formaldehyde, 
M.P. 120M30’. The commercial product 
contains 95 % formaldehyde and is obtained 
in white flocculent masses when solutions 
of formaldehyde are evaporated or allowed 
to stand. When heated it is converted to 
formaldehyde. Used as a convenient solid 
substitute for formaldehyde. 

Parahmmatins. Compounds of ha-matin 
with denatured proteins and certain nitro¬ 
genous bases. They resemble the ha-mo- 
chromogens, but the iron atom is in the ferric 
state. 

Para-hydrogen. Sec Ortho-hvdrogcn. 

Paraldehyde,(0,11,0),, a colourless, mobile 
liquid, M.P. 12-5*, B.P. 124% slightly 
soluble in water; its formula is supposed 
to be 

CH,.CII—O.CH.CH, 

V 

CH. CH, 

It is formed when acetaldehyde is allowed 
to stand in the presence of a catalyst at 
moderate temperatures; used to some 
extent as a soporific. See Thorpe, VoL I, 
art. Acetaldehyde. 

Paramagnetism. The property possessed 
by a substance of producing a greater con¬ 
centration of lines of magnetic force within 
itself than in the surrounding magnetic field 
when it is placed in such a field. 

Paranitraniline. See /?-Nitroanilinc. 

Parathormone. The hormone secreted by 
the parathyroid glands. It has a regulating 
action on the calcium content of the blood. 
If the parathyroids are removed from an 
animal the blood-caleium drops to a very 
low figure and it dies in tetanic convulsions. 
Administration of parathormone raises the 
calcium content of the blood and stops the 


convulsions. The most active para¬ 
thormone preparations yet obtained have 
a protein nature. 

Paregoric is a tincture of opium con¬ 
taining 0-5 % of morphine, together with 
benzoic acid, camphor, and oil of anise. 
It is an ingredient of some cough mixtures. 

Paris green. Sec Schwcinfurter green. 

Paris yellow. Sec Lead chromates. 

Parkes’ process. A method employed for 
desilverizing lead. Zinc is added to molten 
argentiferous lead and the mixture allowed 
to cool until a skin of zinc-silver alloy is 
formed. This is removed and the silver 
recovered by distillation of the zinc. The 
process can be repeated until the remaining 
lead contains only 0 0005 % silver. 

Parr, Samuel Wilson (1857-1031). Parr 
was bom at Granville, Illinois, und wus 
educated at the University of Illinois 
and at Cornell University. lie became an 
instructor at Illinois College (1885-1880) 
and then professor of general science ( 1880 - 
1891). In 1891 he returned to the Uni¬ 
versity of Illinois as professor of applied 
chemistry. Ilis chief researches were 
devoted to improvements in calorimeters 
and to the study of coal. He was Presi¬ 
dent of the American Chemical Society in 
1928. 

Parravano, Nicola (1883-1938). Educated 
at the University of Rome, Parravano was 
appointed professor of applied chemistry, 
Padua (1913), professor of physical chemistry, 
Florence (1915), and professor of general 
chemistry and director of the Chemical 
Institute, University of Rome (1919). He 
carried out many researches in physical 
chemistry. 

Parr’s classification of coal. This is based 
on the proximate analysis and colorific 
value of the ash-free, dry cool. The heating 
value of the raw coal is obtained, and from 
these data a tabic is drawn up at one end 
of which are the celluloses and woods of 
about 7000 B.Th.U.’s/lb. and at the other 
the anthracites of about 15,000 B.Th.U.’s /lb. 
Parr then plots these figures against the 
percentage volatile matter in unit coal. See 
Coal, classification of. 

Parsons, Charles Lathrop (1807- ). 

Parsons was bom at New Marlboro, Massa¬ 
chusetts, and educated at Cornell Uni¬ 
versity. In 1890 he joined the staff of 
New Hampshire College, becoming professor 
of chemistry in 1892. In 1911 he became 
chief of the Division of Mining Technology, 
U.S. Bureau of Mines, which he left in 1919 
to enter private practice. His researches 
on beryllium gained him the Nichols Medal 
in 1905, but he is more widely known as 
Secretary of the American Chemical Society 
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from 1907 to 1945. He was awarded the 
Priestley Medal in 1932. 

Partial condensation or Dephlegmation. 
The cooling of a mixture of two or more 
vapours to a definite temperature at which 
a portion of the less volatile component 
separates out as liquid. By the use of a 
partial condenser the mixed vapour is 
therefore enriched in a volatile component. 

Partial pressure. In a mixture of gases 
or vapours, each constituent can be re¬ 
garded as making a contribution to the 
total pressure equal to the pressure which 
the same amount of the constituent would 
exert if it were alone present in an evacuated 
vessel of the same volume as that which 
contains the gaseous mixture. This is 
called the partial pressure of the constituent. 
See also Total pressure. 

Partial valency. Thiele supposed that in 
the formation of a double bond the valency 
forces of the atoms were not completely 
satisfied, but a part of the valency was left 
in an active state, a theory which gave 
a ready explanation of the chemical re¬ 
activity of substances containing double 
bonds. The residual active valency was 
called by Thiele 44 partial valency." 

Parting. The process of separating gold 
from silver. There arc three chief methods 
employed : 

(i) The mixture is treated with strong 
sulphuric acid which gives silver sulphate 
but leaves the gold unattackcd. The silver 
is recovered from solution by precipitation 
with copper or zinc. 

(ii) Strong nitric acid docs not attack 
gold but gives a solution of silver nitrate. 
Addition of sodium chloride gives silver 
chloride which Is reduced to the metal by 
hydrogen evolved when zinc and sulphuric 
acid arc in contact with the silver chloride. 

(iii) The passage of chlorine into the 
fused alloy covered with borax gives a 
preferential formation of silver chloride; 
the process being carried on until orange 
vapours appear which arc evidence of the 
gold being attacked. The amount of silver 
must be small for the successful operation 
of this method. 

Partington, James Riddick (1880- ). 

Bom at Bolton, Lancashire, Partington 
was educated at the Universities of 
Manchester and Berlin. In 1909 he was 
appointed lecturer in chemistry at Man¬ 
chester and is now professor of chemistry. 
University of London. Author of numerous 
books, his researches have been chiefly in 
the field of inorganic chemistry and the 
history of chemistry. 

Partition law. This states that when 
a heterogeneous system of two phases is in 


equilibrium, the ratio of the concentrations 
(or strictly activities) of the same molecular 
species in the two phases is constant at 
constant temperature. The constant ratio 
is known as the partition coefficient. The 
law is also known as the distribution law, 
and may be extended to any number of 
phases. 

Paschen series. See Balmcr series. 

Passivity. Metals such as iron, cobalt, 
nickel, chromium, and bismuth, when 
brought into contact with certain oxidizing 
agents like strong nitric acid, chromic acid, 
hydrogen peroxide, etc., do not dissolve 
but become passive, and exhibit different 
properties from those of the untreated 
materials. Iron made passive by dipping 
in strong nitric acid docs not precipitate 
copper from copper sulphate. No assigned 
cause for passivity has general acceptance, 
but the fact that if the passive surface is 
scratched it is no longer passive seems to 
point to the formation of an oxide or other 
film. 

Pasteur, Louis, was born at Ddlc, in 
the Jura, in 1822 ; he studied chemistry 
under Balard and Dumas, and paid atten¬ 
tion to crystallography. In 1848 he dis¬ 
covered the lxvorotatory tartaric acid and 
its salts, and became deputy professor 
at Strasburg. In 1854 he became pro¬ 
fessor at Lille, and in 1857 at the Kcole 
Norinale, Paris. In 1800 he began to 
investigate the spontaneous generation of 
life, and after prolonged experiments 
proved that living matter always came from 
living matter, spores, seeds, and so on, 
almost always present in the air or on the 
earth. He studied for several years the 
nature of fermentation and the diseases of 
wine and beer, the disease then prevalent in 
silk-worms, and the nature of anthrax. 
He discovered how to cure anthrax, and 
was the first to understand the modern 
methods of inoculation and antiseptic 
hygiene. Finally, he undertook an in¬ 
vestigation of hydrophobia, and after pro¬ 
longed study, learned how to cure this 
disease in animals and human beings. lie 
died in 1895. 

Pasteur effect. It was first noticed by 
Pasteur with yeast, and has since been 
shown to be true also for other cells, that 
a cell that can break down sugar both in 
the presence and in the absence of oxygen 
will break down more sugar in the absence 
of oxygen than in its presence. This is 
known as the Pasteur effect. The purpose 
of it is obvious enough ; more energy is 
liberated when a molecule of sugar is 
oxidized to carbon dioxide and water than 
when it is split anaerobically to carbon 
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dioxide and alcohol, but the mechanism 
of it is not fully understood. 

Pasteurization. There arc two officially 
recognized methods of pasteurizing milk in 
Britain, the "holder” method in which 
njjlk is heated at 145° to 150° F. for 30 
minutes and immediately cooled to 55* F 
or below, and the High-fcmpcraturc Short- 
Time (H.T.S.T.) method in which the milk 
is retained at not loss that 102’F. for at least 
15 seconds and then cooled. Milk is tested 
for efficiency of pasteurization by seeing if 
it still contains phosphatase. The term 
pasteurization is loosely used to describe 
any form of heat treatment of milk other 
than complete sterilization. 

Patinas. Bronze, iron, and other metals 
arc sometimes given an attractive and cor¬ 
rosion-resisting surface by forming a thin 
layer of oxide as the result of warming 
the metal. These oxide films arc called 
patinas. 

Pattinson’s process. A process for the 
recovery of silver from commercial lead. 
When molten argentiferous leud cools, 
crystals of pure lead arc deposited fust. 
These are removed by perforated iron 
ladles. The process is continued until the 
remaining silver-lead eutectic solidifies en 
masse, when it contains about 2} % silver. 
Thus the process, which is carried out in 
iron pots, is similar to a fractional crystalliz¬ 
ation yielding lead containing about 
0-0001 % silver and the eutectic lead-silver 
alloy. The silver is recovered from the 
latter by cupcllation. 

Patulin, clavacin, claviformin, C 7 H.O.. 
White crystals, M.P. 

110°, soluble in water 
and organic solvents. 

An antibiotic substance 
produced by Penicil¬ 
lin"! patulum and other 
moulds. It is bacterio¬ 
static in vitro to many 
micro-organisms, but is also toxic to higliei 
animals. The claim that it is effective in th< 
treatment of the common cold has not beer 
substantiated. 

Pauli principle. This principle state* 
that no two electrons in un atom may have 
identical sets of quantum numbers (q.v.). 

Paulson acid tower. An absorption tower 
of the plate- and bubblc-cap type in which 
the gas is caused to pass through successive 
layers of liquid formed on a series of plates 
inside the tower. The liquid overflows 
from one plate to another, the solution 
growing stronger on passing from the top 
to the bottom of the tower; the gas passes 
in the reverse direction, the proportion of 
soluble constituents growing progressively 
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less as it nears the outlet at the top of the 
tower. 

Pearl ash. A synonym for potassium 
carbonate, which may be prepared in quan¬ 
tity by lixiviating wood ashes with water, 
evaporating to dryness, and calcining the 
product in iron pots. The matcriul so 
obtained is known as potash : when further 
purified it is called pearl ash. 

Pearlite. The name given to a cutcctoid 
of ferrite and cementite, so called because 
many specimens of mild steel, after etching, 
exhibit a play of colours resembling mother- 
of-pearl. As the carbon content of a mild 
steel increases the pearlite in the slowly 
cooled specimen increases up to 0 89 % C., 
and hence pearlite contains 0-80 % C. or 
13-35 % Fe,C. ** Divorced ” pearlite is the 
term given to the pearlitic structure of a 
steel that has been subjected to prolonged 
annealing below the critical temperature. 
This causes a coalescing of the iron carbide 
particles into larger groups which appear 
embedded in the ferrite matrix. A 
“ divorced ’* pearlite structure, while un¬ 
desirable for machining, is advantageous 
in steels that have to withstand repeated 
deformation. 

The appearance of pearlite under the 
microscope varies with the treatment but is 
generally laminar. 

Peat. This type of naturally occurring 
fuel exists in the form of bogs containing 
about 90% water; the remaining 10% 
is combustible and contains in the dry 
ashless state about 00 % carbon, 5 % 
hydrogen, and about 34 % oxygen, and 
has a calorific value in this state of about 
9000 B.T.U.’s/lb. Though much of the 
water can be pressed out, the residual 
material is in a form of a gel and must be 
air dried, or furnace dried, before use. 

The peat deposits vary in colour from 
light brown to black and possess a spongy 
texture. 

Pebble mill. See Ball mill. 

Pectins are a group of polyuronides 
present in fruits of all types. They confer 
on jams and presenes their typical jellying 
property. The latest work shows that 
pectin consists entirely of a long chain of 
galacturonic acid units joined through 
carbons 1 and 4, some of which are esterilied 
with methyl alcohol. Arabinose, galactose, 
and acetic acid formerly held to be part of 
the molecule arc regarded as impurities. 
The length of the galacturonic acid chain, 
which differs in the various technical 
products, has some definite relation to 
their thread and film building and gelifying 
properties. Thus the inferior beet pectins 
are of shorter chain length than fruit pectins. 
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Pelargonin is tlie anthocyan ( q.v .) glyco¬ 
side of the scarlet geranium, dahlia, gladioli, 
and many other plants. It is the 3:5- 
diglucosidc of pclargonidin. Other antho- 
cyans which contain pclargonidin are 

(1) callistiphin from red carnations and 
the purple red aster which is a 3-/3-glucoside, 

(2) monarda;in or salvianin from scarlet 
Salvia splendens, etc., which is a 3:5- 
diglucoside carrying in addition p-hydroxy- 
cinnamic acid and malonic acid. 

Pclargonin-3-hiosides are of widespread 
occurrence, e.g. in the nasturtium, scarlet 
runner, gloxinia. 

A nasturtium was found to contain a 
pelargonidin derivative in the flower petals, 
a cyanidin derivative in the calyx, and 
a delphinidin derivative in the leaves. Sec 
Anthocyans. 

Pelietierine or punicine, C t !I„ON. 

CII,—CII.-CH, 

djH,—NH-ilH—CH, CH, CIIO 

A liquid alkaloid, obtained from pome¬ 
granate root bark. Soluble in 23 parts of 
water and miscible with organic solvents. 
Pelietierine tannatc is a mixture of the 
tannates of ull the pomegranate alkaloids 
and is used to expel tape worms. 

Penetration. A method of expressing 
the hardness of a solid by the depth to 
which a loaded needle penetrates under 
standard conditions of load, time, tem¬ 
perature, etc. This method is used to 
compare one sample of a inctal or other 
solid with another that has been subjected 
to a standardized heat treatment. 

Penetrometer. Instrument for carrying 
out penetration tests for the determination 
of the hardness of certain solids such as 
asphaltic bitumen or paraffin wax. 

Penicillin, 



There are several penicillins ; in penicillin 

I (F in America), R is A* pcntcnyl 
—CH, . CII : CH . CH, . CH, ; in penicillin 

II or G, R is benzyl ; in penicillin III or 
X, R is p-hydroxybenzyl ; and in penicillin 
K, R is n-heptyl. The penicillins are mono¬ 
basic acids and commercial penicillin is a 
mixture of the crude sodium or calcium 
salts of different penicillins, varying with 
the method of manufacture. The com¬ 
mercial article is a cream-coloured solid, 
very soluble in water, and with a potency 
of 900-1G00 units per milligramme. Pure 
crystalline sodium penicillin II, which assays 


Pepsin 

1667 units per milligramme, is also manu¬ 
factured. 

Penicillin is very unstable, being de¬ 
stroyed by heat, acids, alkalis, alcohol, 
oxidizing agents, heavy metals, and an 
enzyme, penicillinase, produced by certain 
bacteria. It is manufactured by growing 
Penicillium nolalum or related moulds on 
a carbohydrate medium, and extracting 
the metabolism fluid, finally drying in the 
frozen state. It is a very active antibiotic 
against many pathogenic bacteria, and has 
advantages over the sulphonamidcs in that 
it is active in the presence of blood or pu9 
and has no unpleasant side-reactions. It 
is destroyed in the stomach and must be 
injected when treating other than surface 
infections. 

Pentaerythritol, C 4 II„0 4 , 

HOCII, ,CH,OH 

HOCH/ \CH,OH 

is a colourless crystalline compound, M.P. 
200°, soluble in water and alcohol. Manu¬ 
factured by adding quicklime to a mixture 
of acetaldehyde and paraformaldehyde in 
water. Reacts as a tetrahydric alcohol. 
Forms a tetranitrate, M.P. 138°-140'', which 
is used as an explosive. 

Pentanes, C,H lt . Three hydrocarbons 
of the paraffin scries of this formulu arc 
possible. They occur in the low boiling 
fractions of petroleum from which they are 
prepared. They arc inflammable liquids. 
n-Pcntanc, CH, • CII, • CH, • CH, • CH„ 
B.P. 38®, is used as a standard illuminant 
in photometry. 

Pentathionic acid. Sec Polythionic acids. 

Pentosans. Hcmicclluloscs which give 
pentoses on hydrolysis. The most widely 
distributed arc xylan and araban. 

Pentose. A carbohydrate with five 
carbon atoms. Of the aldopcntoses, both 
stereoisomers of arabinosc occur naturally, 
and the D-fonns of xylose and ribosc ; lyxose 
does not occur naturally. There are four 
(two pairs of stereoisomers) possible keto- 
pentoses. 

Pepsin, Pepsinogen. Pepsin is the protein- 
digesting enzyme of the gastric juice and is 
secreted by the gastric cells in great quan¬ 
tities. As formed it is completely inactive 
and requires acidification to convert pep¬ 
sinogen into pepsin. Both enzymes have 
been prepared by Northrop in crystalline 
form, pepsinogen in fine needles, pepsin in 
doubly-pointed hexagonal prisms. He has 
proved pepsin to l>c a single chemical 
substance of the albumin class differing 
from rennin, which is a thioprotcase. The 
estimated molecular weight is 33,000-40,000. 
Pepsin has greatest activity in acid solution 
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at pn 2, and is much more specific than was 
formerly believed, splitting links between the 
a-carboxyl group of a dicarboxylic amino- 
acid and the a-amino-radieal of an aromatic 
amino-acid. 

Peptidase. On Bergmann’s nomen- 
elaturc all the proteolytic enzymes of the 
digestive tract arc called peptidases. Pro¬ 
teins are digested first by the endopep- 
tidases pepsin, trypsin, and chymotrypsin, 
which break specific links which may be far 
from the ends of the chains, forming much 
smaller units, which are then attacked step¬ 
wise at both ends of the chains by the 
exopcptidascs. These are earboxy pept idase, 
formed by the pancreas, which removes 
terminal units with free carboxyl groups, 
aminopeptidase, from the intestinal secre¬ 
tions, which splits off units with free 
amino groups, and dipeptidase, also from the 
intestine, which splits dipeptides into amino- 
acids. 

Peptides. Substances containing two or 
more amino-acids, and called di-, tri- or poly¬ 
peptides, according to the number of amino- 
acids, joined together by the peptide link 
—CO—NH—, the simplest being glycyl- 
glycinc, 

H,N • CH, • CO • NII • CH, • COOH. 

They occur both as hydrolysis products of 
proteins nnd fulfilling specific functions, c.g. 
glutathione. They can also be made synthet¬ 
ically. Thus, E. Fischer synthesized an 
octadecapcptidc with three leucine and 
fifteen glycine units, having the formula 
c mH i0 O i# N„ and a molecular weight of 1212 . 

Peptization. This term, originally pro¬ 
posed by Graham, is sometimes used in 
a general way to imply the converse of 
coagulation, dispersion, especially when the 
process results in the formation of a col¬ 
loidal sol. Peptization is, however, gen¬ 
erally restricted to a chemical means of 
dispersion in which the colloidal particles 
arc stabilized by the adsorption of charged 
ions. An example of peptization is the 
formation of silver iodide sols by shaking 
the neutral prccipitntc with a small excess 
of either potassium iodide or silver nitrate ; 
with the former reagent the resultant sol 
is negative, with the latter, positive. 
Peptization often occurs in analysis; thus 
on passing hydrogen sulphide through a 
suspension of arsenic sulphide in water the 
precipitate is peptized to a clear yellow 
sol. See Colloid. 

Peptones. Degradation products of 
proteins with low molecular weight which 
can diffuse slowly through parchment 
membranes. They are soluble in water, 
acids, alkalis, and salt solutions, and are 


not precipitated by full saturation with am¬ 
monium sulphate. They arc formed from 
proteins by the action of the enzyme pepsin. 

Per-acids may be regarded ns derivatives 
of hydrogen peroxide, the molecules of 
which contain one or more directly linked 
pairs of oxygen atoms, —0—0— (or 
possibly —O -► O). The persulphuric acids 
and their salts arc of some importance. 
Sec also perchromic acids, perborutes, per- 
carbonates, etc. Permanganic, perchloric, 
and periodic acids are not per-acids in the 
true sense, the prefix “per-” being in- 
correctly used in these cases. 

Perborates, Perboraz. By treating a cold 
solution of borax with sodium peroxide 
or hydrogen peroxide and caustic soda, 
sodium “ perborate " NaBO„ 311,0, 11,0, 
is formed. This is not a tme pcr-acid, but 
a borate containing 11,0, of crystallization. 
The compound (" perborax ") is stable in 
the dry state, only slightly soluble in water, 
nnd the solution possesses bleaching and 
antiseptic properties. A crystalline com¬ 
pound of the same composition is obtained 
by electrolysis of a solution of borax nnd 
sodium carbonate. 

Percarbonates. The salts of the per¬ 
carbonic acids. The percarbonates which 
are used technically in washing powders 
contain combined hydrogen peroxide (c.g. 
Na,C t O„ H,0, and Na,C0 4 , H,0,). They 
arc formed by the action of gaseous or 
solid carbon dioxide on sodium hydro¬ 
peroxide, NaO OH. Normal carbonates 
w-hen treated with hydrogen peroxide 
give compounds containing hydrogen per¬ 
oxide of crystallization (c.g. Na,CO„ 
H*0*. |H,0). Such a compound is far 
more stable than a true percarbonatc, 
and may be further stabilized by the ad¬ 
dition of substances such as magnesium 
silicate or water-glass. 

Percarbonic acids. The parent acids of 
the percarbonates. There arc two types 
of percarl>onate represented by the formula 
M'jCjO*, formed respectively by the electro¬ 
lysis of concentrated solutions of alkali 
carbonates and by the action of carbon 
dioxide upon an alkali peroxide, e.g. Na,0,. 
The acids from which these are derived are 
represented by the structural formula? : 

HO x .OH 

o>c^-o-c< 0 

and 

HO. /OOH 

o> C -°-<o 

An unstable solution of the first of these 
acids is formed by the action of phosphoric 
acid on electrolytic potassium percarbonate 
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in ether. The free acid corresponding to 
the second formula is unknown. The acid 
corresponding to a third percarbonate, 
Na,C0 4 formed by the action of phosgene 
on ‘sodium peroxide, is also unknown. Its 
structural formula would be 

M>H 

Perchloric acid, HCIO.. Obtained by 
distilling potassium perchlorate with con¬ 
centrated sulphuric acid. The distillate, 
perchloric acid, is a colourless, or slightly 
yellow, strongly fuming liquid. The pre¬ 
paration is best carried out at reduced pres¬ 
sure. Purification by distillation at low 
pressure (11 mm.) gives a white crystalline 
distillate of the monohydrate IICI0 4 , H f O. 
This hydrate on distillation gives the 
anhydrous acid and a maximum tailing- 
point acid containing 71-6 % of HCIO,. 
The anhydrous acid is somewhat unstable 
and explodes violently on warming to 92®. 
The oily nqueous acid of maximum boiling- 
point is quite stable. The aqueous acid 
dissolves metals such os iron or zinc with 
the evolution of hydrogen. The acid is 
a less powerful oxidizing agent than chloric 
acid. Perchloric acid is not a true per- 
acid, in that it does not react with acids 
to form hydrogen peroxide. 

Potassium perchlorate is ohtuined by 
heating the chlorate to 480’. Technically 
the sodium salt is obtained by the prolonged 
electrolysis of concentrated sodium chloride 
solutions at 80 ° with the electrodes placed 
close together. It is used to some extent 
in the manufacture of detonators and 
explosives. 

Perchromic acids. If an aqueous solution 
of chromic acid or of a chromate acidified 
with sulphuric acid is added to hydrogen 
peroxide solution, a dark coloured liquid 
is produced from which a blue compound 
may be extracted with ether. This blue 
substance is a perchromic acid of probable 
constitution (OH)„ Cr(OOH),. It is very 
unstable, an acid solution giving a chromic 
salt, and an alkaline one evolving oxygen 
and giving a chromate. From alkaline 
chromate solutions and hydrogen peroxide, 
red salts are obtained of the formula, 
RjCrOg, or 

Cr=(0 • OR), 

On treatment with acid these evolve oxygen 
and give the blue salts. 

The formation of blue perchromic acid 
constitutes a very sensitive test for the 
presence of either chloride or chromate. 
If a chromate and a chloride are treated 


with concentrated sulphuric acid, chromyl 
chloride is evolved ; this may be collected 
in water, when it is hydrolysed to chromic 
and hydrochloric acids, and on mixing with 
ether forms the blue colour. 

Perdurens. Oil-resistant thioplasts. The 
following types exist: 

Pcrduren G, manufactured from dichlor- 
ethyl ether and sodium polysulphide. 

Perdurcn H, manufactured from di- 
(chlorethvl) formaldehyde acetal and 
sodium polysulphidc. 

Perduren SP, an aqueous suspension of 
Perdurcn H. 

Perduren L, a mixture of perbunan and 
perdurcn. 

Perduren L Special, a mixture of perbunan 
and perdurcn. 

Perdurens require only a small quantity 
of sulphur for vulcanization. Perdurcn L 
can be vulcanized without sulphur. 

Perfection dust collector. See Hug filter. 

Perfect solution. A solution in which 
the molecules of the dissolved substance 
have no interaction either with one another 
or with molecules of the solvent. In such 
a solution the dissolved substance would 
have the properties of a perfect gas. Actual 
solutions may approximate to this state 
if they are sufficiently dilute. A character¬ 
istic of a perfect solution is that the volume 
change which accompanies a small dilution 
is additive. 

Perferrates. The ferrates ( 7 .V.), contain¬ 
ing sexavalent iron, arc sometimes referred 
to as perferrates, but this term is more 
properly applied to salts derived from the 
hypothetical II,FcO s . These have been 
obtained by fusing ferric oxide with caustic 
potash and potassium chlorate. The potas¬ 
sium salt, K,FcOj, is bright green and fairly 
stable in alknlinc solution; the Imrium 
salt. BaFeOg, 711,0, is a white precipitate. 

Perhydrol. A trade name for a 100 -vol¬ 
ume (about 30 per cent.) solution of hydro¬ 
gen peroxide in water. 

Peri. A prefix sometimes used to denote 
the positional relationship 
between groups occupying 
the I : 8 positions on the 
naphthalene ring. As a special 
case the two groups may 
be part of a third ring. 
x-Xaphthylnminc- 8 -sul phonic 
acid is sometimes referred to 
as Peri Acid. 

PeriUaldehyde, C„H t , 0 . A 
monocyclic aldehyde the 
/-form of which is present in 
perilla oil and in oil from the 
fruit of Siler trilobum and the d-form in 
false camphor wood oil from Ilcrnaiulia 
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THE PERIODIC 



Group 1 

Group 2 

Group 3 

Group 4 

Period 

I 

Period 

II 

1. Hydrogen 
(H) 


3. Lithium 
(Li) 

4. Beryllium 
(Be) 

5. Boron 
(B) 

6 . Carbon 
(C) 

Period 

III 

11 . Sodium 
(Na) 

12. Magnesium 
(Mg) 

13. Aluminium 
(Al) 

14. Silicon 
(Si) 

Period 

IV 

19. Potassium 
(K) 

20 . Calcium 
(Ca) 

21 . Scandium 
(Sc) 

22 . Titanium 
(Ti) 

Period 

V 

29. Copper 
(Cu) 

30. Zinc 
(Zn) 

31. Gallium 
(Ga) 

32. Gcrmunium 
(Ge) 

Period 

VI 

37. Rubidium 
(Rb) 

38. Strontium 
(Sr) 

39 . Yttrium 
(Y) 

40. Zirconium 
(Zr) 

Period 

VII 

47. Silver 

(Ag) 

48. Cadmium 
(Cd) 

49. Indium 
(In) 

50. Tin 
(Sn) 

Period 

VIII 

55. Carsium 
(Cs) 

56. Barium 
(Ba) 

57. Lanthanum 
(La) 

58-71. 




. 

Rare Earths 

72. Hafnium 
(Hf) 

Period 

IX 

79. Gold 
(Au) 

80. Mercury 
(Hg) 

81. Thallium 
(Tl) 

82. Lead 
(Pb) 

Period 

X 

87. Francium 
(Fr) 

• 

88 . Radium 
(Ra) 

89. Actinium 
(Ac) 

90-96. Actinides 



Hare Earths.—58. Cerium (Ce), 59. Praseodymium (Pr), 60. Neodymium (Nd), 
61. Illinium (II), 62. Samarium (Sa), 63. Europium (Eu), 64. Gadolinium (Gd), 65. 
Terbium (Tb), 66. Dysprosium (Ds), 67. Holmium (Ho), 68. Erbium (Er), 69. Thulium 
(Tm), 70. Ytterbium (Yb), 71. Lutecium (Lu). 


pcltala. It can be isolated as a crystalline 
compound with sodium bisulphite. For 
the /-form the following constants are 
recorded: B.P. 104°-105°/10 mm., </>• 
0 9617, n D l-5075, [ctJ D - 146°. For the 
d-form [a] D + 135-6° has been recorded. 
It forms a semicarbazone, M.P. 199°-200°, 
and an oxime, M.P. 102°. 

Periodic acids. The simplest of the 
periodic acids is the crystalline substance 
H s IO„ one method of preparing which is 
by the low-temperature electrolysis of a 
concentrated solution of iodic acid in a 


divided cell. The acid is readily soluble 
in water, and is a strong oxidizing agent, 
although it is not a true per-acid in the 
sense of containing the —0—0— group. 
Its composition is probably IO(OH) 4 . It 
loses water when heated to 100 ° and forms 
a second per-acid HIO« (i.e. IO,(OH)). 
The acid H s IO, is known in the form of acid 
and normal salts, e.g. Ag,H,IO, and Ag 8 IO,. 
A number of partially dehydrated periodic 
acids, such as H,I0 4 , are also known, and 
these may also be characterized by both 
normal and acid salts. 
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Group 5 

Group 6 

Group 7 

Group 8 


2. Helium 
(He) 

7. Nitrogen 
(N) 

8 . Oxygen 

9. Fluorine 
(F) 

10 . Neon 
(Ne) 

15. Phosphorus 

(P) 

10 . Sulphur 

(S) 

17. Chlorine 
(Cl) 

18. Argon 
(A) 

23. Vanadium 
(V) 

24. Chromium 
(Cr) 

25. Manganese 
(Mn) 

20 . Iron 

(Fe) 

27. Cobalt 

(Co) 

28. Nickel 

(Ni) 

33. Arsenic 
(As) 

34. Selenium 
(Se) 

35. Bromine 
(Br) 

86 . Krypton 

(Kr) 

41. Niobium 
(Nb) 

42. Molybdenum 

(Mo) 

43. Masurium 
(Ma) 

44. Ruthenium 

(Ru) 

45. Rhodium 

(Rh) 

40, Palladium 
(Pd) 

51. Antimony 

(Sb) 

52. Tellurium 
(Te) 

53. Iodine 

(I) 

54. Xenon 
(Xc) 

78. Tantalum 
(To) 

74. Tungsten 

(W) 

75. Rhenium 
(Re) 

76. Osmium 

(Os) 

77. Iridium 

(Ir) 

78. Platinum 

(Pt) 

83. Bismuth 
(Bi) 

84. Polonium 
(Po) 

85. Astatine 
(At) 

80. Radon 
(Rn) 






“Actinides.”—90. Thorium (Th), 91. Protoactinium (Pa), 92. Uranium (U), 

93. Neptunium (Np), 94. Plutonium (Pu), 93. Americium (Am). 90. Curium (Cm). 


Periodic law. Mendeteef (1869), in¬ 
dependently of Newlands, put forward the 
law that “ the properties of the elements are 
periodic functions of the atomic weights,” 
i.e. by arranging the elements in order of 
increasing atomic weights, elements having 
similar properties occur at fixed intervals. 
This principle, with certain modifications, 
forms the basis of the Periodic table. 

Periodic precipitates. See Liesegang rings. 

Periodic table. Certain exceptions to 
Mendeteef’s Periodic Law led to the view 
that the atomic number of an element 
(i.e. the total positive charge on the nucleus) 
is a more characteristic function of the 


properties of an element than the atomic 
weight. When the elements arc arranged 
in order of increasing atomic numbers, 
which yields almost the same order as the 
atomic weights, certain well-marked periodi¬ 
cities in properties occur. An arrangement 
of the elements, based on this principle of 
periodicities, which shows the similarities 
and differences of properties to good 
advantage, is termed a periodic table. 

There are two types of table now used. 
That shown on pages 392 and 393 is in more 
general use, and is based on Mendeteef's 
table with the elements in groups and sub¬ 
groups. The other type is the expanded 
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form in which the sub-group*: arc not re¬ 
cognized and the transition elements (q.v.) 
are more obviously grouped together; a 
v <*ry good example of this type is the table 
of Addison ( Cheni . and Ind., 1018, 227). 
Such tables arc accepted by many as a 
better way «»f expressing the relationships 
of the elements than Mendefeef's table. The 
chemistry of the elements depends on their 
electronic structure, shown in the table of 
elements and their electrons on pages 192 
and 103. That table is a more fundamental, 
though less obvious, method of expressing 
chemical relationships than nny periodic 
table. 

In the table above the elements of atomic 
number 80 and upwards arc shown ns 
belonging to an “actinide” scries of 
elements analogous to the “lanthanide” 
rare-earths. This is because it is believed 
that in these elements the 5f electron shell is 
being lillcd. 

Perkin, Sir William Henry (1838-1007). 
Horn in London. Perkin became in 1853 
a student of Hofmann at the Royal College 
of Chemistry. His enthusiasm for chemistry 
led to the establishment of a small labora¬ 
tory in his father’s house, and there in 1850 
he discovered the first synthetic dye, 
mauve. In the following year he opened 
a factor)* for its commercial preparation. 
His scientific investigations continued with 
the synthesis of coumarin and other im¬ 
portant substances, while he introduced 
into organic chemistry the “ Perkin 
Head ion." Later his work involved a 
study of magnetic rotatory power. He 
was elected F.R.S. in 1800 and knighted 
in 1000. See .7. Chem. Soc., 1908, p. 2214. 

Perkin, William Henry, jr. (1800-1929). 
Perkin jr. was born at Sudbury and received 
his early chemical training at the Royal 
College of Science. For five years he worked 
in Germany under Wisliccnus and Bacycr, 
and in 1880 was appointed professor of 
chemist ry at the Heriot-Watt College, 
Kdinburgh. Fleeted F.R.S. in 1890, he 
succeeded Schorlemmer at Manchester two 
years later, and in 1912 was appointed 
professor at Oxford. His chemical insight 
and experimental skill made him one of 
the foremost synthetic organic chemists of 
his time. 

Perkin reaction. A condensation be¬ 
tween aromatic aldehydes and the sodium 
salts of fatty acids or their aromatic 
derivatives. The original reaction between 
bcnzaldehyde and sodium acetate in the 
presence of acetic anhydride leads to 
cinnamic acid : 

C e II 5 CIIO + HjC . COONa - 

C.HjCII : CHCOONa. 


In general, condensation takes place at the 
a-carbon atom, leading to simple cinnamic 
acids or to their a-sul>stitutod derivatives. 
When possible the anhydride correspond¬ 
ing to the sodium salt should be the eon- 
densing agent. Acetic anhydride gives 
a somewhat reduced yield. 

Permalloy. A nickel-steel alloy contain¬ 
ing 78-5 % Ni, carbon and sulphur being 
kept as low ns possible. Characterized by 
a very high permeability in low magnetic 
fields and a hysteresis loss of about onc- 
fifteenth of that of pure iron. It is ex¬ 
tensively used in submarine cables where 
high permeability in low magnetic fields 
is essential. After it has been finally 
heat-treated it must not be stressed or its 
magnetic properties arc seriously impaired. 
The best properties arc obtained by heating 
to 900°, cooling slowly, reheating to 000° 
and finally cooling in air. Mumetal is 
similar in properties to permalloy but 
contains some manganese and copper. 

Penninvar is a variety of permalloy, 
having a constant magnetic permeability 
for variable magnetic fields of low intensity. 
The composition is 45 %-60 % Ni, 30 %- 
25 % Fe. 25 %-15 % Co. 

Permanganates. The salts of perman¬ 
ganic acid arc usually readily soluble and 
crystallize well. In crystalline form and 
solubility they resemble the perchlorates. 
They are of an intense violet colour, the 
crystals usually appearing black. They arc 
very powerful oxidizing agents, being easily 
reduced in acid solution to manganous 
salts, in neutral solution to manganese 
dioxide or manganites, and in alkaline 
solution to manganates. Potassium per¬ 
manganate, KMnO„ is the most important. 
It is obtained by roasting pyrolusitc with 
caustic potash. The green solution of the 
manganatc which results on extraction with 
water may be treated with carbon dioxide, 
which causes disproportionation to per- 
manganatc and manganese dioxide, or 
may be oxidized clectrolytically, thus 
avoiding waste of manganese. It forms 
rhombic prisms, isomorphous with the 
perchlorate, and is not very soluble in 
water: 100 g. dissolve at 20° 6-5 g. and at 
75° 32-3 g. It is used as a disinfectant and 
in the laboratory as a volumetric oxidizing 
agent. Sodium permanganate, NaMnO,, 
3H,0, is much more soluble. A crude solu¬ 
tion is used as a disinfectant under the name 
of Condy’s Fluid. Silver permanganate, 
AgMn0 4 , is not very soluble and is even more 
reactive than the other permanganates; its 
solution is reduced by gaseous hydrogen. 

Permanganate titrations. On account of 
its intense colour and easy purification, 
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potassium permanganate is an important 
volumetric oxidizing agent which requires 
no indicator even in 0 01 N-solution. When 
used, as in most estimations, in presence 
of sulphuric acid, it is reduced to man¬ 
ganous sulphate, so that its equivalent 
weight is 31 00. As distilled water may 
contain traces of reducing matter, solu¬ 
tions arc not made up by weight, but are 
standardized after having been boiled 
(or left to stand for some days) and then 
filtered. The best standards arc sodium 
oxalate and pure (electrolytic) iron ; crys¬ 
tallized oxalic acid and ferrous ammonium 
sulphate arc also frequently used but are 
less reliable. It is important to test the 
sulphuric acid for reducing matter. The 
solution may be used for the direct titration 
of ferrous iron, hydrogen peroxide, ferro- 
cyanide, and oxalate; in the last case the 
solution must be hot (80°); suitable back 
titrations enable it to be used for the 
estimation of a great variety of oxidizing 
and reducing ngents. In the titration of 
ferrous iron the presence of chloride inter¬ 
feres owing to induced oxidation of the 
latter, but the disadvantage can be over¬ 
come by titrating in presence of an excess 
of manganous sulphate. In some estima¬ 
tions permanganate is used in nlmost 
neutral solution, when hydrated man¬ 
ganese dioxide (or a manganitc) is formed 
and the equivalent weight is 52 08. An 
important instance of this procedure is 
the determination of bivalent manganese 
(the Volhard method); the titration is 
carried out in presence of a zinc salt and 
suspended zinc oxide. 

Permanganic acid, IIMnO*, may be 
obtained in solution by dissolving man¬ 
ganese heptoxide in water, or by double 
decomposition between barium perman¬ 
ganate and sulphuric acid, or by electrolysis 
of solutions of permanganates with a porous 
partition. It is a strong monobasic acid 
and in dilute solution (less than 1 %) is 
fairly stable. The solution can be concen¬ 
trated up to about 20 %, but the concen¬ 
trated solutions are very unstable and soon 
decompose to hydrated manganese dioxide 
and oxygen. 

Permonosulphuric acid (Caro’s acid), 
H,S0 6 , HO-SOj-O-OH. A powerful oxi¬ 
dizing agent obtained by the action of 
hydrogen peroxide on concentrated sul¬ 
phuric acid, or by the action of 40 % sul¬ 
phuric acid on potassium persulphate in 
the cold. The pure acid can be obtained 
in the form of white crystals of M.P. about 
45°. It rapidly liberates iodine from potas¬ 
sium iodide. 


Persulphuric 

Pern ax. A compounded raw rubber for 
manufacturing electrical insulation, pro¬ 
tective sheaths, and other goods. The 
material appears to be a form of Gentzch’s 
gutta-percha substitute which is made by 
kneading a viscous substance of high 
melting-point with rubber, while the tem¬ 
perature is slowly raised; cotton seed or 
other oils may be added. The viscous 
substance is prepared by heating wax, 
resin, asphalt, tar, pitch, or mixtures of 
these to 210 ° or higher and adding water. 

Perniobic acids and perniobates. A 
yellow perniobic acid, IINb0 4 , xll 2 0, has 
been obtained by treating potassium per- 
niobatc with dilute sulphuric acid and 
dialysing the resulting solution ; a similar 
product is formed on treating niobic acid 
with 30 % hydrogen peroxide. The amor¬ 
phous solid loses oxygen at 100 °, and gives 
hydrogen peroxide on treatment with dilute 
acid. Perniobates of the alkali metals, 
having the general formula M,NbO t , and 
forming stable white powders, are formed 
on treating the niobates with hydrogen 
peroxide and a solution of the alkali hydr¬ 
oxide ; the solid product is precipitated on 
adding alcohol. 

Peroxidase represents a class of enzymes 
which oxidize only in the presence of 
hydrogen acceptors, their biological func¬ 
tion being to transfer peroxide oxygen to 
oxidizablc substances. They arc con¬ 
stituents of animal tissues as well as the 
roots and seedlings of plants; the best 
source is horse-radish. The enzyme gives 
a characteristic blue colour with gum 
guaiaconic acid. It oxidizes ascorbic acid 
with great rapidity; glutathione readily 
reduces the oxidized product. This re¬ 
action is of great importance in connexion 
with the activity of vitamin C. It is 
considered that the purified enzyme con¬ 
tains a reduced hrcmatin compound. 

Peroxides arc oxides, the molecules of 
which contain linked pairs of oxygen 
atoms (see per-acids) ; they give hydrogen 
peroxide on treatment with dilute acids : 
UaO, and NaO. are typical peroxides. 
The dioxides MnO„ PbO., NO,, etc., are 
frequently, but incorrectly, termed “ per¬ 
oxides.” 

Perseitol, C T H 14 0 7 , is a heptose alcohol 
present in the seeds of species of Persea. 
It crystallizes in needles, M.P. 188°, and has 
[«)d - 1*3°. 

Perspex. A brand name for cast methyl 
methacrylate sheet. 

Persulphuric acid (Perdisulphuric acid), 
H;S t O g . HO SO, • O O • SO, • OH. A 
dibasic acid obtained by the electrolysis 
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of a solution of potassium sulphate in dilute 
sulphuric acid at high current density. 
White crystals of potassium persulphate arc 
so formed. A dilute solution of the free 
acid is obtained by the action of sulphuric 
acid on barium persulphate. The free acid 
is obtainable in solid form by the action of 
chlorosulphonic acid on Cnro's acid and 
melts with dccom]>osition at about 00 °. 
The solid pcrsulphatcs are fairly stable. 
The pcrsulphatcs arc strong oxidizing agents 
and dccomjjosc on heating, with formation 
of oxygen. They give no precipitate with 
barium chloride. 

Perylene ring system. The system is 
numbered ns shown. 

Peters, Rudolph Albert. 

Whitley professor of bio¬ 
chemistry at Oxford Univer¬ 
sity, Peters was educated at 
Warden House (Deal), Welling¬ 
ton College, King's College 
(I.ondon), and Cambridge Uni¬ 
versity. lie was awarded the 
M.C. during the 1914-18 War. 

His researches have l>ccn 
mainly upon biochemical and 
physiological problems. Thurston medallist 
in 1918, he was elected F.R.S. in 1935. 

Petit, Alexis Therese, born in 1791, 
was professor of physics at the Lyc*e 
Bonaparte. He died in 1820. See 
Dulong. 

Petrol. Light fractions obtained from 
petroleum and suitable for use as a fuel 
in internal-combustion engines. The vola¬ 
tility and boiling-range vary according to 
the purpose for which the fuel is to be 
used ; in general for a No. 1 spirit the final 
boiling-point is about 185° with 42 % dis¬ 
tilling below 100° and for a No. 3 spirit 
198° and 32 % respectively. Petrol is 
also known as gasoline. Sec Aviation 
petrol. 

Petroleum coke. Coke is produced as a 
by-product from the cracking of petroleum 
oils and also from the distillation, without 
steam, of heavy waxy residues which cannot 
be dealt with satisfactorily by another 
method. The product is a hard coke, free 
from ash. 

Petroleum ether. Sec Light petroleum. 

Petroleum naphtha. See Ligroin. 

Pettersson, Sven Otto (1848-1941). 
Pcttcrsson was professor of chemistry at 
the University of Stockholm from 1881 
till 1908. Along with Nilson he carried 
out researches on the elements titanium 
and germanium. 

Pewter. Sec Tin alloys. 



Pleffer, Wilhelm (1845-1920). Privat- 
dozent at Bonn and professor of botany at 
the Universities of Tubingen and Leipzig, 
Pfeffer is noted for his work on osmotic 
pressure. 

/>g. Sec Hydrogen-ion concentration. 

Phaeophorbide. Sec Chlorophyll. 

Phteophytin. Sec Chlorophyll. 

Pharaoh's Serpents' eggs are pillules o 
mercuric thiocyanate, Hg(CNS)„ with gum 
as a binding agent. When ignited they 
burn freely and evolve a very voluminous, 
snake-like ash. 


Pharbitin, C m H 4 ,O is , the glycoside of the 
seeds of Pluirbitis nil consists of glucose, 
rhamnosc, and ipurolic acid (3:U-di- 
hydroxyanyristic acid). It has M.P. 150° 

(*Jd - 40 0 °. 

Phase. A phase may be defined as any 
portion of a system which is homogeneous 
and divided from any other homogeneous 
portion of the system by a boundary. For 
example in a closed vessel containing ice, 
water, nnd water vapour, there arc three 
phases: the solid phase, ice; the liquid 
phase, water; and the gaseous phase, 
water vapour. 

Phase diagram. A diagram showing the 
conditions of equilibrium between various 
phases. In one-component systems a 
pressure-temperature diagram is used, in 
two-component systems a composition- 
temperature (pressure constant) diagram 
or a composition-pressure (temperature 
constant) diagram is used, etc. 

Phase rule. The phase rule states that 
in a system at equilibrium, if the number 
of phases is P, the number of degrees of 
freedom is F, nnd the number of com¬ 
ponents is C, then P + F ■> C -f 2. The 
rule is of great importance in the treatment 
of heterogeneous equilibria. 

Phellandral, C, 0 H lf O. 

A terpenic aldehyde the 
/-form of which is found in 
water fennel oil and in the 
oils from Eucalyptus hemi - 
phloia, E. polybractca, and 
E. Bakcri. It is easily iso¬ 
lated in the form of a slightly 
soluble crystalline compound 
with sodium bisulphite. The 
constants of the oil from 
various sources are in fair 
agreement, with the excep¬ 
tion of the optical activity 
for which figures [a] D — 36-3° to — 130-85° 
are recorded. The other constants are: 
B.P. 90° 15 mm., d*° 0 9412, 1-4912. 

It forms a semicarbazone of M.P. 202°- 
204° and an oxime of M.P. 87°. 


CHO 

A . 

H,C //S 'cH 
hJ; in, 

N £h 

HjC^CH, 
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a-Phellandrene, C M H M . A monocyclic 
terpene, which is optically 
active. d-a-Phellandrene 3 

occurs in bitter fennel oil. £ 

g inger-grass oil. and Ceylon /\ 

and Seychelles cinnamon oil, HC CH 

and /-a-phellandrene in y I 

various eucalyptus oils. It HC CH, 

is a colourless oil. which \/ 

tends to decompose when 
distilled at atmospheric pres- 
sure. A purified form of 
/-a-phellandrene had the H C CH. 

constants B.P. 58°-59°/16 
mm., d“ 0 8110, n” 1-4732, [*]“ - 112«. 
It forms a nitrosite which can be resolved 
into two isomers, one of M.P. 120°-121° and 
the other of M.P. 105°-10G°. 

^-Phellandrene, C, 0 H„. An optically 
active monocyclic terpene, 
isomeric with a-phcllandrcnc. * 

d-p- Phellandrene occurs in f. 

water-fennel oil, lemon oil, /'y 

and the oil from Buplcurum H,C CH 

fruticosum, and I-/?-phellan- 
drene in Japanese peppermint H,C CH 

oil and in the oil from Pinua \/ 

contorta. , 

d-/?-Phellandrcnc has the 
following constants: B.P. yv 

171®-172°, d*° 0-8520, n“ H ,C CH. 

1-4788, [a]„ + 05-2°. It is 
unstable and polymerizes if distilled. It 
yields a crystalline nitrosite which can be 
resolved into two isomers molting at 102° 
and 97°-98° respectively. 

Phenacaine, or holocainc, is the hydro¬ 
chloride of p-phcnetidylphcnacetin, 

C l# H M O t N„ HC1, H,0. 


NH—C(CH,>=N 



. IIC1 . H,0 
: t H, 


Its constitution is entirely different from 
that of the majority of cocaine substitutes 
which are mostly benzoyl or substituted 
benzoyl esters of amino-alcohols. Phena¬ 
caine possesses local anesthetic properties, 
but it is not suitable for hypodermic use. 
It is employed almost entirely in ophthalmic 
practice in the form of a 1 % aqueous 
solution. 

Phenacetin, aceto-p-phenetidide, 
C 10 H, s O,N. 

CH, • CONH^ ^OC\H, 

White crystals, M.P. 137°-138 a , soluble in 


Phenetole 

1700 parts of water and 21 parts of alcohol. 
Prepared from phenol, via 
p - nitrophenol, p - nitro- 
phcnctole, and p-phencti- 
dine. It is used medic¬ 
inally as an analgesic and 
antipyretic. 

Phenanthrene ring sys¬ 
tem. The system is num¬ 
bered as shown. 

Phenanthridine derivatives. Various 
phenanthridinc derivatives, prepared by 
the treatment of acyl-o-xenylaminos with 
phosphorus oxychloride and dimethyl 
sulphate in nitrobenzene, arc used in the 
treatment of certain tropical diseases 
caused by trypanosomes. They have the 
general formula 





H,N 



^CH, 


X 


- m 

Iii phcnidiuiu chloride (phcnanthridiniuin 
897), R' = H, R' = p.C.H.NH., and X = 
Cl. 

In metidium chloride (phcnanthridiniuin 
1508), R' = H, R- - m. C,H 4 NH t . and 
X = Cl. 

In dimidium bromide (phennnthridinium 
1533), R' = NH t , R' = C,H„ and X - Br. 
See Walls. 1947, 06, 182. 

Phenazone, antipyrin, l-phenyl-2 : 3-di- 
methyl-5-pyrazolone, CjjHjjON,, 

CH, • C-N CH, 


h 


OC 2 II. 


.H CO • N • C t II s 
White crystals, M.P. 114°, B.P. 319°. Very 
soluble in water and alcohol. Prepared by 
condensing phenylhydrazinc with cthyl- 
acctoacetatc and methylating with methyl 
iodide. It is an analgesic and antipyretic. 
It is more rapid in action than phenacetin, 
but more toxic. 

p-Phenetidine, C,II n ON. It is a colourless 
oU, M.P. 2°-4 a , B.P. 254°, sp. gr. 

1-0613 at 15°. Insoluble in water, 
only slightly volatile in steam. 

Its hydrochloride has M.P. 234°, 
and is easily soluble in water. 

It is usually prepared by the 
reduction of p-nitrophenctolc with 
iron and hydrochloric acid. 

It is used as a dyestuffs intermediate. 
Its acetyl derivative is phenacetin (g.u.). 

Phenetole, C,H 10 O. It is a colourless, 
aromatic liquid, B.P. 172°. In¬ 
soluble in water, miscible with 
alcohol and ether. 

It is prepared by heating potas¬ 
sium phenate with ethyl iodide, 
or by adding ethyl alcohol to a 



OC.H, 



Phenobarbitone 


Phenylalanine 


398 


mixture of phenol and phosphorus pent- 
oxide at 200’. 

Phenobarbitone, luminal, phenylethyl- 
barbituric acid, C, s H lt O,N t . 



CO • Nil 
CO • NIK 


O 


White crystals, M.P. 174°, soluble in 1000 
parts of water and 15 of alcohol. Pre¬ 
pared by condensing the ethyl ester of 
phenylcthylmalonic acid with urea. It is 
a more active hypnotic than barhitonc. 
It and its sodium salt—soluble phenoburhi- 
tonc—arc used ns sedntives in insomnia 
and epilepsy. 

Phenol, 0,11,0. I*ong colourless prismatic 
crystals, M.P. 48°, B.P. 183°, density 
at 15° I 000. Soluble in 15 pnrts of qjj 
water at room temperature ; larger x 
amounts of phenol in water give a | I 
two-phase system of phenol solution 
floating on a lower layer of wet \y' 
phenol. Miscible with water in all 
proportions at 84°. Soluble in alcohol, 
ether, and benzene. Volatile in steam. 

Occurs in coal-tar fraction, B.P.170°-200°. 
Prepnrcd by fusion of bcnzcncsulphonic ncid 
with caustic potash or soda. 

Acidic, forms metallic salts. Readily 
halogcnated, sulphonntcd, and nitrated. 
Gives a purple colour with ferric chloride 
solution. 

Phenol is used ns a source of picric acid, 
ns a second component in some azo-dyes, 
and ns an antiseptic and disinfectant. 

Phenol coefficient. Sec Rideal-Walkcr 
test. 

Phenol-formaldehyde resins and plastics. 

Phenols and formaldehyde condense under 
alkaline or acid catalysis to form resins 
which vary in properties according to the 
proportion of formaldehyde present and 
the type of phenol used for the reaction. 
Bakclitc materials (first produced by Dr. 
Leo Baekeland in the early part of the 
20th century) are types of the phenol- 
formaldehyde materials which constitute 
the bulk of the synthetic resin and plastics 
produced by the plastics industry. The 
phenolic intermediates arc manufactured 
as moulding materials, laminated sheets, 
cast resins, surface coating materials, and 
adhesives. Moulding materials, contain¬ 
ing fillers to modify the physical properties 
of the resin, arc designed to flow usually 
under pressure to the shape of a hot forming 
die : they arc usually regarded as the 
principal phenolic plastics. Brand names 
include Bakclitc, Itockite, Ncstoritc. Catalin, 
Paxolin, Tufnol, Delaron. See also Cast 
Phenol-formaldehyde resins. 


Pbenolphthalein, C, 0 If,,O,. 


OH OH O 



Colourless form. Sodium salt (red). 


Colourless crystals, M.P. 254°. Prepared 
by heating phthalic anhydride and phenol 
in presence of sulphuric acid. F.xtcnsivcly 
used as an indicator in 004 % solution 
in nlcohol, the p n range being 8-8 (colour¬ 
less) to 10-4 (red). It is used medicinally 
as a purgative. 

Phenol red, Phenolsulphonphthalein, 
c„h 14 0,s. 


c/O" 



<Tb 


It is prepared by heating phenol with 
o-sulpliobcnzoic anhydride, nnd is used as 
an indicator in 0 04 % aqueous solution, 
adding 5-7 c.c. of 0 05 N-sodium hydroxide 
per 01 gram. Its p„ range is 0-7 (yellow) 
to 8 3 (red). 

It is used as a test for renal function ; 
a neutralized aqueous solution containing 
6 milligrams is injected intravenously and 
the urine is drawn off with a catheter into a 
vessel containing a solution of sodium 
hydroxide. A red colour indicates when 
elimination begins and 50 % of that injected 
should be recovered during the first hour, 
the amount being determined colorimetric- 
ally by comparison with standard solutions. 

Phenylalanine, a - Amino - p - phenylpro- 
pionic acid, C,H n O,N. 

C,H S • CH, • CH • COOH 
NH f 

Crystallizes in colourless leaves, M.P. 283°. 
Soluble in water up to 3 %. The 
naturally occurring substance is lievorota- 
tory, [a]” — 35 1°. It is one of the amino- 
acids obtained by the hydrolysis of proteins. 
See “ The Biochemistry of the Amino- 
Acids,” by Mitchell and Hamilton. 
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Phenylenediamine 


Phenyglycine 


Phenylglycine, C.H.O.N. 


-NH • CH, • COOH 


It forms white crystals, M.P. 127°, fairly 
soluble in water. The alkali-metal salts 
ore easily soluble, the calcium salt sparingly 
soluble. 

It can be prepared in three ways: 

1 . By the condensation of aniline with 
chloroacetic acid. 

2 . By heading aniline, caustic soda, form¬ 
aldehyde, and potassium cyanide. 

3 . By heating aniline, lime, and trichloro¬ 
ethylene. 

It is an important intermediate in the 
indigo industry. When phenylglycine is 
fused with sodamide a good yield of indoxyl 
is obtained. The indoxyl is casUy oxidized 
to indigo. * 

Phenylglycine-o-carborylic acid, C,H,Q 4 N. 


/Ncooii 

JnH • CII, • COOH 


The acid forms a sandy powder, M.P. 207°, 
with decomposition. Fairly soluble in hot 
water, alcohol, ether, and glacial acetic 
acid, insoluble in benzene. 

It is prepared by the action of chloro¬ 
acetic acid upon anthranilic acid. It can 
also be prepared by the action of potassium 
cyanide and formaldehyde on anthranilic 
acid, followed by hydrolysis with caustic 
soda of the .nitrile of anthranilic acid first 
produced. 

It is used for the preparation of indigo 
into which it is readily converted on alkaline 
fusion. 

Phenylhydrazine, C,H g N,. It is a colour¬ 
less, refractive oil, B.P. 

240°-241°, with slight dc- 
composition. When pure | r NM ' WH » 
it sets to a crystalline | 
mass at 19®. It is con- \/ 
veniently purified by 
crystallization from ether or by distillation 
in vacuo. It rapidly becomes brown when 
exposed to air. Sparingly soluble in water, 
volatile in steam. It forms a stable hydro¬ 
chloride which can be crystallized un¬ 
changed from hot water. It is very 
poisonous. 

It is prepared commercially by treating 
benzene diazonium chloride with sodium 
sulphite and then reducing the mixture 
with zinc dust and acetic acid. It can also 
be prepared by reduction of benzene 
diazonium chloride with stannous chloride. 

Phenylhydrazine is a strong reducing 
agent; it reduces Fehling’s solution in the 


cold and reduces aromatic nitrocompounds 
to the amines. It is a valuable reagent in 
organic chemistry for the identification 
of compounds containing ketonic groups, 
hydrazones being obtained. Compounds 
containing the grouping —CHOH—CO—, 
e.g. glucose, fructose, etc., react with two 
molecules of phenylhydrazine to give 
osazoncs. 

Phenylhydrazine condenses with aceto- 
acetic ester to give a pyrazolone derivative 
which on mcthylation gives antipyrin. 
The sulphonic acid similarly gives rise to 
the tartrazine dyestuffs. 

Phenylhydrazine-p-sulphonic acid, 


C«H,O a N t S. 

It forms lustrous, colourless needles, with 
$H,0. Sparingly soluble in 
cold water, much more so in JH • NH, 
hot water. / \ 

It is prepared by reducing 
diazotized sulphanilic acid l , 
with an excess of sodium sul- sq II 
phite. * 

It is a typical hydrazine in its reactions 
with ketones, and with acctoncetic ester. 
The latter reaction gives rise to the tartra- 
zinc dyestuffs, and is much used com¬ 
mercially. 

Pbenylhydrazones are compounds con¬ 
taining the group 



and arc formed by treating aldehydes or 
ketones with phenylhydrazine in ueetic 
acid solution. They urc crystalline solids 
having definite melting-points and are 
usually sparingly soluble. Decomposed by 
heating with hydrochloric acid to regenerate 
the aldehyde or ketone. React with sodium 
cthoxidc to give hydrocarbons, and with 
zinc chloride to give derivatives of indole. 
Used for the isolation and identification of 
aldehydes and ketones; in some cases the 
nitrophenylhydrazines are used instead of 
phenylhydrazine. 

Phenyl radical. The group C t H s — or Ph. 
Prepared with difficulty in the free state by 
the photolysis of aromatic ketones. The 
radical appears to occur as an intermediate 
in many organic reactions in solution. 
(Annual Reports, 1937.) 

m-Phenylenediamine, C,H S N,. Colour¬ 
less rhombic crystals, M.P. 03% 

B.P. 287°, very soluble in water, 
alcohol, and ether. Turns brown 
in air. 

Prepared by a one-stage re¬ 
duction of m-dinitrobenzene 
with iron and hydrochloric acid. 


Nil,. 

/\ 
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Phosphatase 


Basic, forms stable water-soluble di- 
hydrochloridc. Diazotization gives brown 
azo-dyes (Bismarck brown), owing to the 
coupling of the partially dia/.oti/.cd base 
with the excess of diamine. Is also used 
as an end component of many azo-dyes, 
readily coupling with one or two molecules 
of diazo compound. 

p - Phenylenediamine, C t H,N t . 

crystals, M.P. 147°, B.P. 207°, 
darkens rapidly in air. Prepared 
by reducing p-nitroaniline or amino- 
azol)cnzcne. Strong base. Oxi¬ 
dizing agents convert it into quinonc 
derivatives, hence it cannot be di- 
azotized with nitrous acid. 

Used for hair dyeing and sulphur colours, 
also as a rubber accelerator. 

Philip, James Charles (1873-1041). Born 
at Fordoun, Kincardineshire, Philip studied 
at the Universities of Aberdeen and 
Gottingen. He was appointed professor of 
physical chemistry in 1013, and Director of 
the Inorganic and Physical Laboratories, 
Imperial College of Science, in 1032. His 
investigations were chiefly upon physico¬ 
chemical problems. Awarded the O.B.E. 
in 1018, he was elected F.R.S. in 1021. 
He was elected President of the Chemical 
Society in 1041, but died in that year. 

Philosopher’s stone. Sec Transmutation. 

Phloridzin, C„H t4 O, 0 , a glycoside present 
in the root bark of the apple, pear, cherry, 
plum, has many unusual properties, and is 
not a normal 0-glucosidc. It is not hy¬ 
drolysed by emulsin. The constitution is 


White 



Nil, 



OH 


O • CH, • CH, • C,H 4 OH 

C«H| t O* 

Sec Armstrong’s “ Glycosides." 

Phloroglucinol, C.H.O,. Colourless crys- 
tals + 2H t O from water. 

Water of crystallization lost 
at 100°. Anhydrous com¬ 
pound, M.P. 200°-210°, de¬ 
pending upon rate of heating. 

Readily soluble in water, 
alcohol, and ether. Aqueous 
solution gives a blue-violet colour with ferric 
chloride, reduces Fchling’s solution, and 
absorbs oxygen, but less readily than 
pyrogallol. 

Occurs in many natural glucosidcs. 
Prepared by fusing resorcinol with caustic 



soda. 

It reacts chemically as if it were cither 
1:3: 5-trihydroxybcnzene or the triketone 
of hexahydrobenzene. The trialkyl deriva¬ 
tive of the hydroxy-form or the trioxime 
of the keto-form can be obtained from 


phloroglucinol by reacting in a suitable 
manner. In certain eases derivatives of the 
two forms arc interchangeable. This be¬ 
haviour of one compound as if it existed in 
two forms is called desmotropisni. 

Phcenicite. Sec Lead chromates. 

Phorone, Diisopropylidene-acetone, 
C,II u O, 


CII, 

CH, 


^C—CII CO-CII -c/ 


CII, 

CH, 


occurs us a yellow liquid having a cam¬ 
phor-like odour, M.P. 28’, B.P. 108-5°. In¬ 
soluble in water ; soluble in alcohol, acetone, 
and benzene. It is formed when acetone 
is saturated with hydrogen chloride and 
allowed to stand. Resembles camphor in 
many of its properties and is a solvent for 
cellulose nitrate. 

Phosgene, COCI,. Sec Curbonyl chloride. 

Phosphagen, Phosphocreatine, Creatine 
phosphate. A compound present in vertc- 

OH 

NIL 

1IN:C^ X OH 

X N—CII, - COOH 

in. 



bratc muscle that breaks down on contrac¬ 
tion to creatine and phosphoric acid, and is 
resynthesized during the recovery process. 
The name phosphagen is sometimes also ap¬ 
plied to arginine phosphate, which replaces 
creatine phosphate in invertebrate muscle. 

For an account of the rdlc ployed by 
phosphagen, see an article by D. M. 
Needham on “ Chemical Cycles in Muscular 
Contraction "in Perspectives in Biochemistry. 

Phosphatase represents a group of en¬ 
zymes of outstanding importance. They 
hydrolyse the many different combinations 
of phosphoric acid with organic substances, 
for example the sugar phosphates. Such 
compounds are constantly being formed and 
destroyed as intermediates in a large 
number of cell processes, for example, 
alcoholic fermentation, muscle metabolism 
leading to lactic acid, bone formation, and 
others. The enzymes also act synthetically, 
and they function independently of the 
living cell. Active extracts of the enzymes 
which themselves are of unknown nature 
are obtained by autolysis of yeast juice, or 
of tissue for a few days. The group is 
subdivided according to whether the 
enzymes, which are apparently distinct, are 
able to hydrolyse mono- or di-esters of 
ortho-phosphoric acid; other members 
attack pyro- and meta-phosphate esters. 
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The commonest is the alkaline mono-phos¬ 
phatase present in bone, kidney, and 
intestine which works at p a 9-10. 

Phosphatase is present in milk. It is 
destroyed by heating and just completely 
inactivated under the conditions legally 
laid down for proper pasteurization (30 
minutes heating between 02*5° and 05-5°). 
A test of importance and utility is thus 
provided for errors in pasteurization. 

Phosphatides, Phospholipin(e)s, Phospho- 
lipid(e)s. A group of substances of a fatty 
nature which are essential components of 
all animal and vegetable cells. They contain 
phosphorus and nitrogen and on hydrolysis 
give fatty acids, phosphoric acid, and basic 
substances such as choline. They are 
soluble in the usual fat solvents with the 
exception of acetone. They are ampho¬ 
teric nnd have many precipitation reactions 
in common with the proteins. Included in 
the phosphatides are lecithin, kephalin, and 
sphingomyelin. See “ Lecithin and Allied 
Substances,” by Maclean and Maclean. 

Phosphides. Compounds of metals with 
phosphorus, e.g. Ca 3 P„ AIP, in which the 
phosphorus exerts its normal valency of 
three. The phosphides arc prepared by 
heating the metals with phosphorus, by 
reducing the corresponding phosphates 
with carbon in an electric furnace, or by 
treating a solution of a salt of the metal 
with phosphine or yellow phosphorus. 
They yield phosphine on treatment with 
water or dilute acids. Calcium phosphide, 
Ca,P„ manufactured by passing phosphorus 
vapour over heated quicklime, is used in 
" Holmes’ signals,” which ignite when 
thrown into the sea owing to the formation 
of phosphine. 

Phosphine. See Phosphorus hydrides. 
Phosphocreatine. See Phosphagen. 
Phospholipid(e)s, Phospholipin(e)s. See 
Phosphatides. 

Phosphomolybdates. A group of salts 
of complex hcteropoly-acids, characterized 
by the fact that the anion contains phos¬ 
phorus, molybdenum, and oxygen (e.g. 
H 7 [P(Mo, 0 7 ),]). The structure of these 
complex acids and their salts is not vet 
fully understood. The yellow precipitate 
obtained from solutions of phosphates by 
the addition of ammonium molybdate 
solution in presence of nitric acid has the 
empirical composition (NH 4 ),P0 4 , 12MoO„ 
arHjO. When dried at 130° the salt forms 
(NH 4 ),P0 4 , 12Mo 0 3 , but is frequently 
heavily contaminated with ammonium 
salts. Consequently, for gravimetric de¬ 
terminations of phosphorus, it is customary 
either to ignite the precipitate to phos- 
phomolybdic anhydride (P 2 0 6 .24MoO,) or 
26 


dissolve it in ammonia and precipitate it as 
magnesium ammonium phosphate. This is 
then ignited to Mg t P,0 7 . 

Phosphonium. The radical PII 4 , which 
is the phosphorus analogue of ammonium, 
NH 4 . Phosphine, PH,, has a neutral action 
to litmus paper, but it combines with dry 
hydrogen chloride on cooling, or under 
pressure, and deposits white crystals of 
phosphonium chloride, PH 4 C1, which 
readily dissociates on warming. Phos¬ 
phonium bromide and iodide are more 
stable. The action of water or alkalis 
on the latter yields pure phosphine. 

Phosphonium salts. White crystalline 
salts analogous to the ammonium halides, 
e.g. PH 4 I, formed by the action of dry 
hydrogen halides on phosphine, which 
functions as a feeble base. Phosphonium 
salts are readily dissociated into phosphine 
and the hydrogen halide, phosphonium 
chloride not being stable at normal pressures 
and temperatures. 

Phosphoproteins. A class of proteins, 
rich in phosphorus and readily yielding 
phosphoric acid on alkaline hydrolysis. It 
includes casein from milk and vitellin from 
egg yolk. 

Phosphor-bronze. Small quantities of 
phosphorus arc added to most bronzes for 
de-oxidizing purposes, but the true phosphor- 
bronzes contain not less than 1 % of phos¬ 
phorus. This addition produces a very 
marked effect upon the properties, greatly 
increasing tensile strength and ductility, 
and ability to resist shocks and repeated 
stresses. It casts well, can be cold-rolled 
or drawn into wire. A typical phosphor- 
bronze for casting contains 90 % copper, 
9-7 % tin, and 0 3 % phosphorus. The 
phosphorus is introduced into the alloy 
either as phosphor-copper or phosphor-tin. 

Phosphorescence. Some substances ab¬ 
sorb light and as a result arc induced to 
emit radiations themselves; when the 
emission occurs only during irradiation, 
the process is termed fluorescence, but 
when it continues after the removal of the 
source of light, it is termed phosphorescence, 
and may be regarded as a kind of fluores¬ 
cence in which the atoms or molecules of 
the absorbing substance are capable of 
metastablc states. 

Phosphoric acids. A number of phos¬ 
phoric acids arc known, the most im¬ 
portant being ortho-, meta-, and pxjro- 
phosphoric acids, H s P0 4 , HPO„ and H 4 P,0 7 , 
respectively. The naturally occurring phos¬ 
phates (see Phosphorus) are salts of the 
ortho-acid, which is manufactured by 
heating bone ash or soft phosphates with 
sulphuric acid; the electric arc process 
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for phosphorus may also be made to give 
the acid by admitting air to burn the 
phosphorus vapour, and spraying water 
into the gas to combine with the phosphorus 
pentoxide formed. Pure ortho-phosphoric 
acid is best prepared on a small sealc by 
heating yellow phosphorus with nitric 
acid. The ortho-acid forms colourless 
crystals melting at al>out 40’, readily 
soluble in water giving an odourless solu¬ 
tion with a sharp taste ; this solution has 
been used in the manufacture of soft 
drinks. On heating to about 220’ the 
ortho-acid is converted to pyro-phosphoric 
acid ; this is prepared in a pure state as 
colourless crystals, M.P. 01°, by warming 
solid ortho-phosphoric acid with phosphorus 
oxychloride, evaporating the solution, and 
cooling. Metu-phosphoric acid is prepared 
as a sticky syrup by heating either the 
ortho- or the pyro-acid to 320’ ; on stronger 
heating followed by cooling a " glass ** 
containing polymerized mcta-phosphoric 
acid is formed. In aqueous solution meta- 
and pyro-phosphoric acids arc converted 
to ortho-phosphoric acid, the change being 
accelerated by heating. The phosphates 
form a large and important group of com¬ 
pounds. Ortho-phosphoric acid is tribasic, 
and gives series of salts such as Na,P0 4 , 
Na 1 Hl > () 4 , and NalI,P0 4 . The alkali 
metal salts (except that of lithium) arc 
soluble in water ; the tertiary salts (Na,P0 4 ) 
arc alkaline in solution, and the primary 
salts (NaII 2 P0 4 ) are acid. The secondary 
salts (Na,HP0 4 ) are practically neutral, 
and the ordinnry “ sodium phosphate ” 
of commerce, obtained by neutralizing the 
acid with sodium hydroxide, is Na t HP0 4 , 
12H a 0. The ortho-phosphates of other 
metals arc insoluble in water, but soluble 
in dilute mineral acids. A number of meta¬ 
phosphates are known, many being derived 
not from the simple acid HPO„ but from 
its polymerized forms (IIPO,)*; sodium 
meta-phosphate, NaPO,. prepared by heat¬ 
ing microcosmic salt (NnNHJIPO,) or 
acid sodium ortho-phosphate (NaII 2 P0 4 ), 
forms a clear glass. Although pyro-phos¬ 
phoric acid contains four replaceable 
hydrogen atoms, only salts containing two 
or four metal atoms per molecule (e.g. 
Na 4 P 2 0 7 , Na 2 H 2 P 2 0 7 ) arc common; these 
salts, Na 4 P 2 0 7 and Na 2 ILP 2 0 7 , are pre¬ 
pared by heating Nn 2 iIP0 4 and NaH.P0 4 , 
respectively. Solutions of phosphates, in 
presence of excess of nitric acid, give a 
yellow crystalline precipitate with ammon¬ 
ium molybdate. The precipitate is soluble 
in ammonia ; with ortho-phosphates it forms 
in the cold, but with meta- and pyro¬ 
phosphates heating is necessary. Arsen¬ 


ates also give the test on heating. Ortho¬ 
phosphates give a yellow precipitate of 
Ag,l’0 4 with silver nitrate in neutral 
solution; meta-phosphates give u white 
gelatinous precipitate, and pyro-phosphates 
a white crystalline precipitate. Meta- 
phosphate solutions arc also distinguished 
by rapid coagulation of albumin, and by 
the formation of u white precipitate with 
barium chloride in an acid solution. Ortho¬ 
phosphates arc determined gravimctrically 
by precipitation as MgNH 4 P0 4 , 0lI 2 O, 
formed by adding magnesium chloride to 
a strongly ununoniacal solution of the 
phosphate ; the precipitate may be ignited 
and weighed as Mg 2 P 2 0 7 . Phosphates, 
particularly 44 super-phosphates ” ( q.v .), arc 
of importance commercially as fertilizers. 

Phosphorous acids. Phosphorous acid, 
H,PO, (strictly ortho-phosphorous acid) is 
obtained in solution by the action of cold 
water on phosphorus trioxide, or of water 
on phosphorus trichloride; it may be 
obtained from the solutions ns a colourless 
crystalline solid, M.P. 72°-74°, which 
readily decomposes on heating, forming 
phosphine and ortho-phosphoric acid. Phos¬ 
phorous acid is dibasic only, ulthough the 
molecule contains three hydrogen atoms; 
two series of salts, the phosphites (e.g. 
NaH 2 PO,, Nn 2 HPO,) arc therefore formed. 
The acid and its salts are reducing agents; 
silver nitrate solution gives first a white 
precipitate of silver phosphite, which later 
darkens owing to reduction to mctullic 
silver. Meta- and pyro-phosphorous acids, 
HPO, and II 4 P 2 0 4 , arc known. Hypo- 
phosphorous acid, HjPO,, forms a colourless 
crystalline solid, M.P. about 20°; its 
sodium salt, NaH 2 P0 2 , is formed, with 
evolution of phosphine, on heating yellow 
phosphorus with sodium hydroxide solution. 
The acid is monobasic. The free acid and 
its salts (hypophosphites) arc powerful re¬ 
ducing agents, precipitating copper hydride, 
Cull, from solutions of copper salts. 

Phosphorus, P. At. no. 15, At. wt. 
30-98. A non-metallic element existing 
in several allotropic forms. The most 
reactive form, 44 white ” or 44 yellow ” 
phosphorus, is a soft translucent white 
or yellowish-white, waxy solid, which 
shows a crystalline structure on fracture; 
sp. gr. 1-83; M.P. 44° (the liquid readily 
supercools), B.P. 287°. White phosphorus 
is almost insoluble in water, but soluble in 
carbon disulphide (in which it exists as 
P 4 molecules), olive oil, benzene, and other 
organic solvents. In the air white phos¬ 
phorus is phosphorescent, owing to slow 
oxidation, and it readily catches fire on 
slight warming; it must therefore be 
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handled under water. White phosphorus 
is highly poisonous. On standing the 
white form is slowly transformed into 
•• r ed ” phosphorus, which is comparatively 
unreactive and non-poisonous; the change 
is accelerated by heating to 250° in presence 
of a catalyst, such as a trace of iodine. 
“ Red ” phosphorus is a violet-red, ap¬ 
parently amorphous powder, sp. gr. 2106, 
which vaporizes on strong heating, and on 
condensation gives the yellow form. It does 
not ignite in air below about 210 °, and is 
insoluble in carbon disulphide. Other 
forms arc known : “ scarlet ” phosphorus 
is an amorphous powder, sp. gr. 188 , 
prepared by long boiling of white phos¬ 
phorus with phosphorus tribromide; it is 
more reactive than the ordinary red form. 
«Metallic" phosphorus is obtained by 
heating red phosphorus in a sealed tube at 
530°, part of the tube being cooled to 444° 
in sulphur vapour; it sublimes as brilliant 
black crystals, sp. gr. 2-34, stable in air. 
A second black form and a violet form are 
produced by heating white phosphorus 
under very high pressures. In nature 
phosphorus occurs chiefly as phosphate 
minerals ; “ soft " phosphates, which arc 
readily attacked by sulphuric acid, include 
coprolitcs (consisting chiefly of calcium 
phosphate) and Charleston phosphate. The 
commoner “ hard ” phosphates, attacked 
with difficulty by acids, arc apatite, 
3Ca,(P0 4 )„ CaFj, chlompatite, 3Ca,(P0 4 )„ 
CaCI,, Rcdonda phosphate, A1P0 4 , vivianitc, 
Fc,(P0 4 )„ 811,0, and other less important 
minerals. Phosphorus is an essential con¬ 
stituent of living tissues, occurring par¬ 
ticularly in bones as calcium phosphate; 
lecithins, which arc esters of phosphoric 
acid, play a part in metabolic processes, 
and phosphorus is a necessary constituent 
of foods. Plants absorb phosphorus com¬ 
pounds from the soil, and fertilizers con¬ 
taining phosphates arc much used. Ele¬ 
mentary phosphorus was formerly prepared 
from soft phosphates or from bone ash (the 
residue from bones after extraction of 
fatty matter and burning-off of carbonaceous 
constituents); the phosphate or ash was 
treated with hot strong sulphuric acid, 
giving a solution of phosphoric acid ; after 
concentration this was heated strongly 
with carbon (coke), and the phosphorus 
vapour evolved was condensed under water. 
In modern processes the phosphorus is 
obtained directly from hard phosphates 
by mixing with sand and coke and heating 
in a special electric arc furnace; the phos¬ 
phorus distils and condenses under water 
as the yellow form. The impure product 
from either process is purified by melting 


under chromic acid solution and filtration 
through chamois leather, and cast into 
large wedges in tins, or into the more familiar 
small sticks. The less dangerous red phos¬ 
phorus is manufactured from the yellow 
form by heating to 240° in an iron pot with 
a narrow vent pipe, the product being boiled 
with caustic soda solution to remove traces 
of unconverted yellow phosphorus. In its 
compounds phosphorus is uniformly tri- or 
pentavalcnt. Most of the chemical pro¬ 
perties of phosphorus arc referred to above ; 
it is particularly reactive towards oxidizing 
agents. Strong nitric acid converts the 
yellow and red forms to phosphoric and 
phosphorous acids, respectively. Caustic 
alkalis attack the yellow form, but not the 
red form, giving phosphorus hydrides. The 
principal commercial use of phosphorus is 
in the manufacture of matches, the red 
form being exclusively used for this purpose ; 
smaller quantities arc used in the prepar¬ 
ation of phosphorus compounds and vermin 
poisons, and in the fabrication of phosphor- 
bronze. 

Phosphorus halides. Phosphorus forms 
halides of the types PX, (X-F, Cl, »r, I) 
and PX, (X-F, Cl, Br), and the oxyhalidcs 
POF, and POC1,. The fluorides arc colour¬ 
less gases (B.P. PF, - 1)5°, PF, - 75°) 
prepared by the action of arsenic trifluoridc 
on the corresponding phosphorus chlorides. 
PF, is also formed by the action of fluorine 
on phosphonis. Phosphorus trichloride is 
a colourless liquid, B.P. 70°, prepared by 
passing chlorine over phosphorus; excess 
of chlorine gives the pentachloride, a white 
easily-sublimed solid, which is also formed 
on dropping the trichloride into an atmo¬ 
sphere of chlorine. The tribromidc (colour¬ 
less liquid, B.P. 171°) and pentabromidc 
(yellow crystals) arc similarly prepared. 
The iodides, PI, and P f I 4 , arc obtained on 
evaporating a solution of phosphorus and 
iodine in carbon disulphide. All phosphorus 
halides arc rapidly hydrolysed by water, 
the hydrogen halides being evolved ; the 
trihalides give phosphorous acid as a final 
product, and the pentahulides give phos¬ 
phoric acid; PCI, gives the oxychloride 
POC1, as an intermediate product. The 
phosphorus halides arc of considerable 
value in organic chemistry as halogcnating 
agents; in general, substances containing 
a hydroxyl group react readily with phos¬ 
phorus halide, the hydroxyl group being 
replaced by a halogen atom, e.g. 

3CII,CO • OH + PCI,-*- 3CII,COCl -f- H,PO, 

Phosphonis hydrides. The principal 
hydride of phosphorus is phosphine, PH,, 
a colourless gas, B.P. — 87-4°, M.P. — 133-5°, 
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slightly soluble in water; as normally 
prepared the gas is spontaneously inHam- 
mablc in air and has a strong fishy odour. 
It is formed by the action of water on cal¬ 
cium phosphide, Ca,P„ or by heating yellow 
phosphorus with caustic alkali solution; 
the latter method also gives much hydrogen. 
A purer gas which is not spontaneously 
inflammable is prepared by warming phos- 
phonium iodide with caustic alkali solution. 
Phosphine is decomposed to its elements 
by heating to 450° in absence of oxygen ; 
combustion of the gas in air or oxygen 
gives white fumes of phosphorus oxides. 
It reacts with solutions of many metallic 
salts, precipitating the corresponding phos¬ 
phides. Phosphine also resembles its 
analogue, ammonia, in forming phosphonium 
salts (9.0.), and in forming complex addition 
compounds with many metallic salts. The 
alkyl phosphines, in which the hydrogen 
atoms are replaced by alkyl groups, olso 
give complex salts. The spontaneous in- 
llammubility of impure phosphine is due 
to the presence of traces of diphosphine, 
P,H„ a liquid of B.P. 52°, which may be 
condensed out in a freezing mixture. Yellow 
solid hydrides of phosphorus have been 
described, but they probably consist of 
mixtures of phosphine and yellow phos¬ 
phorus. 

Phosphorus oxides. Phosphorus trioxide 
(Phosphorous oxide), P 4 0 4 . A white waxy 
crystalline solid, possessing an odour of 
garlic, M.P. 24°, B.P. 173°; it is soluble 
in carbon disulphide, benzene, etc., the 
molecular weight in solution corresponding 
with the formula P 4 0 4 . Phosphorus tri- 
oxide is prepared by burning phosphorus 
in a limited supply of air, the product being 
condensed in a cooled tube. In air it 
oxidizes readily at normal temperatures, 
and inflames at about 70°, giving the 
pentoxide ; it also catches fire in chlorine, 
a mixture of phosphorus oxychlorides 
being formed. The trioxidc dissolves 
slowly in cold w’ater or alkalis, giving 
phosphorous acid, H,PO„ or one of its 
salts; with hot water a violent reaction 
occurs, with formation of phosphine and 
phosphoric acid, II,P0 4 . 

Phosphorus tetroxide, P,0 4 (or P,0, 4 ). 
A white crystalline solid which sublimes at 
180° in a vacuum, and is generally prepared 
by heating the trioxide in a sealed tube; 
the tetroxide sublimes on to a cooled 
portion of the tube, leaving a residue of 
red phosphorus. The vapour density at 
high temperatures indicates the formula 
P # 0 18 . With water a mixture of phos¬ 
phorous and phosphoric acids Ls formed 
(compare nitrogen dioxide). 


Phosphorus pentoxide (Phosphoric oxide 
or anhydride), P 4 O 10 . A voluminous white 
powder, subliming at 350°, prepared by 
burning phosphorus in an adequate supply 
of air or oxygen ; unlike the trioxidc it is 
not readily soluble in organic solvents, and 
is odourless. The vapour density at 1400° 
indicates the formula P 4 O, 0 , although the 
empirical formula Pj0 4 is often used. 
Phosphorus pentoxide exhibits an exceed¬ 
ingly strong affinity for water, with which 
it combines initially to form metaphos- 
phoric acid, HPO,; it is therefore much 
used as an efficient drying agent for gases, 
and is used in “ intensive " drying experi¬ 
ments to remove the Inst minute traces of 
water from normully “ dry ” gases or 
liquids. The pentoxide nlso withdraws the 
elements of water from certain oxy-ncids 
and other compounds containing oxygen 
and hydrogen (c.g. nitric acid on heating 
with phosphorus pentoxide gives nitrogen 
pentoxide, N,0,; acetamide, CH,CONlI„ 
gives acetonitrile, CH,CN). With excess 
of water the pentoxide gives inctnphosphoric 
acid, HPO,, which is converted successively 
to pyro- and ortho-phosphoric acids, 
H 4 P,O t and II,P0 4 , on standing or on 
boiling. 

Phosphorus seleuides. See Selenium phos¬ 
phides. 

Phosphorus sulphides. The sulphides 
P*S„ P 4 S„ und P 4 S, arc yellow solids 
prepared by heating red phosphorus with 
sulphur in suitable proportions. The 
sulphide P 4 S, is used in the manufacture 
of certain varieties of safety match. 

Phosphorylase. The enzymes which cata¬ 
lyze the breakdown or synthesis of certain 
polysaccharides, plus phosphate, to or from 
glucose-1-phosphate are called phosphoryl- 
oscs. They are widely distributed in plant 
and animal tissues. The enzyme from most 
animal tissues synthesizes a polysaccharide 
resembling glycogen, but muscle phos¬ 
phorylase, like plant phosphorylascs, syn¬ 
thesizes an amylose, which gives an X-ray 
diffraction pattern similar to that of the 
natural plant product. A phosphorylase 
producing a synthetic amylopectin has 
been isolated from potato juice. The 
phosphorylascs arc proteins with adenylic 
acid as the probable prosthetic group. 

Phosphotungstic acids. A group of 
complex acids, such as H,[P(W,0 7 ) 4 ], the 
anions of which contain phosphorus, tung¬ 
sten, and oxygen. Their constitution has 
not been fully elucidated. 

Photoconduction. Certain substances, 
notably selenium, are poor conductors of 
electricity in the dark, but are much better 
conductors when exposed to light. This 
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phenomenon, known as photoconduction, 
has been ascribed to the liberation of 
electrons within the selenium under the 
influence of light; the enhanced con¬ 
duction being due to the freer passage of the 
electrons thus afforded. 

Photodissociation. When a molecule ab¬ 
sorbs a quantum of radiation it may dis¬ 
sociate into smaller molecules, or into 
atoms. Thus, acetone absorbs light, and 
is split up into methyl radicals and carbon 
monoxide : 

(CH,),CO -* 2CH, + CO. 

Such a dissociation, induced by light, is 
called photodissociation. 

Photo-electric cells. When certain 
elements, particularly the alkali metals, 
arc exposed to light of a suitable wave¬ 
length, electrons are emitted, the intensity 
of the emission being proportional to the 
intensity of the incident light. This pro¬ 
cess, known as the photo-electric effect, 
can be made the basis of an instrument for 
measuring light intensity. Such a photo¬ 
electric cell consists essentially of an 
evacuated glass bulb coated over a part 
of the inner surface with a suitable sub¬ 
stance, c.g. cicsium, and provided with an 
insulated electrode mounted in the middle 
of the bulb. The strength of the current 
flowing between the exsium and the in¬ 
sulated electrode over the evacuated space 
in the bulb is a measure of the intensity of 
the incident radiation (light). 

Photoluminescence. A general term 
applied to the emission of light as u result 
of an initial light absorption. It embraces 
the phenomena of fluorescence and phos¬ 
phorescence (?.v.). 

Photosensitization. When hydrogen is 
exposed to light of wave-length 253C a., no 
absorption of the light occurs, and the 
hydrogen remains completely unaffected. 

If mercury vapour is added to the hydrogen, 
the mercury atoms absorb the radiation, 
and thus become rich in energy. When 
such an excited mercury atom collides with 
a hydrogen molecule, it can transfer some 
of its energy to the hydrogen, and cause 
it to dissociate into atoms: 

Hg* + H, = Hg + 2H 

The hydrogen has apparently been made 
sensitive to the light which it docs not 
absorb. Such a process is termed photo¬ 
sensitization. 

Photostationary state. In chemistry, a 
stationary state is identical with a state 
of equilibrium under specified conditions. 

In a photochemical reaction, a stationary 
state obtains when the rate of dissociation 
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of the reactants by light is just balanced 
by the rate of recombination or reaction 
of the products to yield the original re¬ 
actants. This condition is referred to as 
a photostationary state. Clearly this state 
depends on the concentrations of the reacting 
substances, the temperature, the intensity 
and frequency of the light employed, and 
on the relative velocities of the forward 
and backward reactions under these 
conditions. 

Photosynthesis. The process of synthesis 
in the chemical sense consists in building 
up complex molecules from simpler ones. 
When such a synthesis is brought about 
by the influence of light, the process is 
called photosynthesis. Some of the most 
important chemical reactions occurring 
in the animal and plant world are of this 
type. Thus, in the green leaves of plants 
vast quantities of carbon dioxide are made 
to react with water under the influence 
of sunlight to yield extremely complex 
products. A simple example of photo¬ 
synthesis consists in the formation of 
hydrogen chloride by exposing a mixture 
of hydrogen and chloride to sunlight. 

Phototropy. A term introduced by 
Marekwald (1800) to denote the reversible 
change of colour which certain organic sub¬ 
stances undergo when exposed to light of a 
suitable wave-length. The original colour 
returns in the dark, and the reversion is 
accelerated by heating. The phenomenon 
was first noticed in tctraehloro-a-kcto- 
nnphthalcnc, which is normally white, but 
which reddens on illumination. Many in¬ 
organic compounds arc phototropic, notably 
a large series of double mercury compounds, 
some of which show very marked and rapid 
changes. 

Phrenosin, Cerebron, C„N tl O,H. 

CHj • (CH,) n • CHOH • CO • NH 

CH, • (CH,),, • CH : CH • CH-CH-CH,OH 

<!) 

i 

CH • (CHOH)j • CH • CHjOH 

I-—O—J 

A white powder, M.P. about 212°, soluble 
in hot alcohol, insoluble in cold alcohol and 
ether, (a]” -f 3-7°. Phrenosin is one of 
the cerebrosides, and is present in brain 
and nervous tissue. On hydrolysis it gives 
d -galactose, sphingosine, and phrenosinic 
acid. 

Phrenosinic acid, Cerebronic acid. A dull 
white powder, M.P. 100°-101°, (aft + 3-33°. 

It is obtained on hydrolysis of phrenosin, and 
is a hydroxy-fatty acid. It has the average 
composition and is almost certainly 
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a mixture of a-hydroxy-docosanoic, -tetra- 
cosnnoie, and -hcxacosanoic acids. See Ann. 
Reports Chem. Soc., 1940, 37, 218. 

Phthalamide, C.II.OjN,. Colourless crys¬ 
tals ; on heuting to 200'- 
210' melts with <lecom|H>si- 
tion into phthalimide and 
ammonia. Very slightly 
soluble in water and al¬ 
cohol, insoluble in ether. 

Prepared by stirring phthaliinidc with 
cold concentrated ammonia solution. Hy¬ 
drolysed to phthalic acid with dilute acids. 
Dehydration with acetic anhydride gives 
first o-cyanobcnzamide and then phthalo- 
nitrile. 

Phthalic acid, C a II ( () ( . Colourless crystals, 
M.P. 190**810% depending 

upon rate of heating. At its xv 
melting-point it decomposes | jLDOH 
into water and phthalic anhy- COOII 

dridc. Readily soluble in hot \/ 
water, much less so in cold. 

Soluble in alcohol, sparingly soluble in ether. 

Prepared by oxidation of naphthalene, 
o-xylcnc, or by alkaline hydrolysis of 
phthulic anhydride. 

It is a dibasic acid, and forms stable 
metallic salts. Distillation with soda lime 
gives benzene. Readily dehydrated to 
phthalic unhydridc. Its reactions arc the 
same ns for phthalic anhydride (7.0.) in 
which form it is almost invariably used. 

Phthalic anhydride, C,II 4 0,. Long silky 
needles, M.P. 130°, B.P. 284°. 

Sparingly soluble in cold water, CO 

more readily in hot, being / 
slowly converted into phthalic yO 

acid. Soluble in alcohol and \/\/ 
ether. Sublimes rapidly below (5 q 

its M.P. ; this is the most con¬ 
venient method of purification. 

Prepared by the oxidation of naphthalene 
with sulphuric acid at 270’-300® in the 
presence of mercuric sulphate ; under these 
conditions the phthalic anhydride sublimes 
out of the reaction mixture as formed. 
Another method is to pass naphthalene 
vapours mixed with air or oxygen over a 
vanadium catalyst at 320’-330°; the 
product is re-sublimed to give pure phthalic 
anhydride free from phthalic acid. 

Treatment with phosphorus pcntachloride 
gives phthalyl chloride ; reduction with zinc 
and acetic acid gives phthalide. Fusion 
with urea gives phthalimide. 

It is a valuable dyestuffs intermediate. 
It can be condensed with benzene and 
aluminium chloride to give anthraquinone. 
This general reaction is much used for 
preparing special substituted anthra- 
quinones. With phenols and a condensing 


agent phthalic anhydride gives rise to 
phthalein dyestuffs, c.g. phcnolphtlialein, 
eosin. It also condenses with quinaldinc 
derivatives to give “ quinoline ” dyes. 

Phthalimide, C,II a O,N. Colourless plates, 
M.P. 230’, readily sublimes 
at its melting-point. In¬ 
soluble in water, soluble in 
alcohol, barely soluble in 
ether. 

It is prepared on the large 
scale by passing ammonia 
into molten phthnlic anhydride. Also ob¬ 
tained by melting together urea and phthnlic 
anhydride. 

Phthalimide dissolves in alkalis to give 
at first N-metal derivatives, but qn warming 
the solution the ring opens, and salts of 
phthalamic acid are obtained. Reduced to 
phthalide with zinc and caustic soda solu¬ 
tion : prolonged hydrolysis with acids or 
alkalis gives phthalic acid or its salts. 
Treatment with concentrated ammonia 
solution gives phtlmlnmide. 

When treated with alkaline hypochlorite 
solution anthranilic acid is obtained. This 
reaction, the first stage in the indigo 
synthesis, is the most important com¬ 
mercial outlet for phthalimide. 

Phthalocyanines. An important recently 
discovered class of organic colouring matters 
capable of general application ns pigments 
and of more limited use os dyestuffs. They 
arc characterized by their great fastness and 
brilliance of shade. The shades are green to 
blue in colour. 

They can be prepared by three general 
methods : 

1. Heating phthalic anhydride with urea 
(or ammonia) and a metallic salt. 

2. Heating o-cyanobenzamidc with a 
metallic salt. 

3. Heating phthalonitrilc with a metal 
or metallic salt. 

Depending upon the metallic compound 
used, different metallic phthalocyanine 
derivatives are obtained, e.g. when copper 
chloride is used copper phthalocyanine 
(Monastral Fast Blue B) is obtained ; when 
sodium amyloxide is used sodium phthalo¬ 
cyanine is obtained from which the sodium 
can be removed by acid treatment to give 
metal free phthalocyanine (Monastral Fast 
Blue G). Both these compounds are blue. 
Lead phthalocyanine, however, is a bright 
green colour. 

The parent metal-free phthalocyanine can 
also be prepared by elimination by acids of 
the metal from some of the other metallic 
phthalocyanines, e.g. lead, magnesium, 
manganese phthalocyanines. 



Phytol 


phthalonitrile 
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The phthalocyanines must be suitably 
dispersed to be used as pigments or they 
can be sulphonated to water soluble forms 
for dveing and for precipitation as lakes. 
The dispersion is carried out by solution in 
sulphuric acid, followed by precipitation 

in water. ... , 

The phthalocyanine molecule is remark¬ 
ably stable to heat and chemical reagents. 
The metal-free and heavy metal compounds 
sublime practically unchanged at 550°-580\ 
Structurally, the molecule is formed by 
the union of one atom of the metal with 
four molecules of phthalonitrile. Copper 
phthalocyanine is typical, and has been 
shown by chemical and X-ray methods to 
have the formula 



The formula, as shown above, is un- 
symmetrical, and docs not account for the 
chemical and physical data unless it is 
assumed that the molecule is in a state of 
resonance. Resonance necessitates that all 
the isoindole rings must be similar. 

The other phthalocyanines are derived 
from the above by replacement of the 
copper atom by two atoms of a monovalent 
or by one atom of a divalent metal. 

Phthalonitrile, C,H 4 N,. Colourless 
needles, M.P. 140°, B.P. 290°. 

Readily soluble in alcohol and 
benzene, slightly soluble in hot 
water. It can be distilled with¬ 
out decomposition at atmos¬ 
pheric pressure. Slowly hydro¬ 
lysed to phthalic acid by dilute acids and 
alkalis. 

It can be obtained by dehydration of 
o-cyanobenzamide or phthalamide with 
acetic acid. On a larger scale the dehydra¬ 
tion is better carried out by means of 
phosgene in pyridine solution. Another 



suitable method is to pass a mixture of 
ammonia and phthalirnidc over a catalyst 
at 350 s -450\ 

It is an important intermediate for the 
preparation of phthalocyanine pigments 
into which it is converted by heating with 
metallic salts. 

Phthiocol, 2-methyl-3-hydroxy-l : 4- 
oaphthaquinone, C u H 8 0 3 . Crystallizes in 

yellow prisms, M.P. 173°- 
174°. Insoluble in water. 

Soluble in hot alcohol, in 
ether, and in alkalis, in 
which it has a deep red 
colour. Phthiocol is a pig¬ 
ment obtained from tubercle 
bacteria. It has !>ccn syn¬ 
thesized by treating 2- 
methylnaphthaquinonc with bleaching 
powder and acidifying with sulphuric acid. 
It can readily be reduced and re-oxidized. 
Phthiocol has, to a lesser degree, the anti- 
hxmorrhagic property of vitamin-K and 
may be a breakdown product of one of the 
K-vitainins. 

Phyllins. Sec Chlorophyll. 

Physalien, C,,H m 0 4 . A pigment occur¬ 
ring in Phvsalis frunehetti and Lydum 
Imlifolium. It is an isomer of hclenien 
and consists of zeaxanthin combined with 
two molecules of palmitic acid. 

Physostigmine, or cserinc, C u H M O t N„ is 



CII, NH CO 0,' 


-C(CH,)-CIlj 

]>J(CH,) *CH •N(CII,)*(!h i 


a Ixvorotatory alkaloid obtained from 
Calabar bean, one of the *‘ ordeal " poisons 
from the west coast of Africa. The salicy- 
late and sulphate arc employed in ophthal¬ 
mic practice to contract the pupil of the eye 
and to overcome the dilatation caused by 
atropine, homatropinc, and cocaine. It is 
occasionally administered by hypodermic 
injection for tetanus and in intestinal 
obstruction. 

Phytic acid, C 4 H 4 [OPO(OH) f ]„ is f- 
inositol hexaphosphoric acid. It is widely 
present in the seeds of plants as its in¬ 
soluble calcium magnesium salt, which 
is known under the trade name of phvtin, 
and is used medicinally as a source of 
phosphate. Phytic acid is important in 
nutrition as it precipitates calcium and 
prevents its absorption by the body. 

Phytin. See Phvtic acid. 

Phytol, C I0 H 40 O. 

CII 3 (CII CHj CHj CIIjlj-CrCH CII.OH 

I I 

CH, CH, 


Phytosterol 


Pilat 
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A diterpenic alcohol obtained by the action 
of alkalis on chlorophyll. A colourless oil 
with the following constants : d” 0 8491, 
n i> 14023, B.P .10 mm . 202-5°-204®. On 
oxidation it yields a ketone C„H„0 of 
B.P. 174-8°-175-2° at 11 mm., which in 
turn gives a semicarbazonc of M.P. 60 07°. 

Phytosterol. A generic name for the 
sterols of plants. 

Pickard, Sir Robert Howson (1874- ). 

Educated at Mason University College and 
the University of Munich, Pickard was in 
1027 appointed Director of the British 
Cotton Industry Research Association. 
His numerous researches gained for him 
the Fellowship of the Royal Society ; he 
whs knighted in 1937. 

Pickling, the term given to the process of 
immersing metal sheets, rods, castings, 
etc., in a bath of either dilute sulphuric 
or hydrochloric acid for a short period, 
followed by washing in water. It is carried 
out to obtain a clean scale-free surface, 
such as is required on sheet iron before 
galvanizing. 

Picolene. The picolines arc methyl pyri- 
dines with the formula C,H,N. They arc 
found with pyridine in bone oil and coal tar. 



H. 


\ V—CTI, v 

\.N/ X\ 

a-picolinc 0 -picolinc 


CH, 



y-picolinc 


a-Picolcne has B.P. 129°, D" 09497; 
/J-picolinc has B.P. 144°, D* 0 9515; 
y-picolinc has B.P. 143°, DJ» 0 9571. All are 
miscible with water and most other solvents. 

Picramic acid, C,H,0,N,. It crystallizes 
in red needles, M.P. 168°- 
109°. Insoluble in cold 
water, easily in hot. Sol¬ 
uble in dilute acids and 
alkalis. 

It is prepared by reduc¬ 
tion of picric acid with 
sodium hydrogen sulphide. 

It is used for the preparation of azo-dyes, 
which can be “ after-chromed ” by treat¬ 
ment with metallic salts, owing to the 
presence of a hydroxyl group ortho to the 
ainino-group. 

Picric acid, C # H 3 0 7 N,. Lemon-yellow 
prisms, M.P. 122-5°. Spar¬ 
ingly soluble in water to 
strong yellow solution with 
a bitter taste. Soluble in 
alcohol. Prepared by the 
nitration of phenol or of 
phcnolsulphonic acid. It 
was formerly used as an explosive. 




Gives readily soluble sodium salt and very 
sparingly soluble potassium salt. With 
many hydrocarbons, gives characteristic 
crystalline derivatives. Dyes wool and silk 
a bright yellow colour. Reduction with 
sodium hydrogen sulphide gives picramic 
acid. 

Picrolonic acid, C 10 H,O»N 4 , crystallizes 
in fine yellow needles, 

M.P. 110 5°. Slightly 
soluble in water and 
alcohol; more soluble 
in boiling methyl alco¬ 
hol. Decomposed at 
temperatures above its 
melting-point. Its 
calcium, copper, and 
lead salts are insoluble 
in water. Forms crys¬ 
talline compounds with 
many organic bases; these compounds 
arc usually sparingly soluble in water or 
dilute alcohol and huve sharply defined 
melting-points. Used for the isolation and 
identification of organic bases, and in tests 
for calcium, copper, and lead. 

Pictet, Ame (1857-1937). Pictet was 
educated in his native city of Geneva, 
at the Polytcchnikum at Dresden, and at 
Bonn. In 1880 he became an assistant to 
Gracbc at Geneva, and after a short visit 
to Paris became a Privat-dozcnt in 1882. 
In 1894 he was appointed extraordinary 
professor of organic chemistry, in 1890 
ordinary professor of pharmaceutical, biolo¬ 
gical, and toxicological chemistry, and in 
1900 he occupied the chair of general 
chemistry and became director of the 
laboratories. He retired in 1932. His 
work dealt with the vegetable alkaloids, 
with the low'-pressurc distillation of coal, 
and with the sugars. 

Pig iron is the product obtained from a 
blast furnace. The molten metal from the 
furnace is run into sand moulds. The 
liquid iron runs from the main channel 
into channels at right angles termed “ sows,” 
each of which feeds a series of “ pigs.” 
These pigs arc of semicircular section and 
are 3 to 4 in. wide and about 3 ft. long. 
The terms pig iron and cast iron are some¬ 
times used for the same material, but 
“ cast iron ” is more often applied to pig 
iron that has been remelted. 

Pilat process. A method of fractionating 
an asphaltic oil without recourse to dis¬ 
tillation. The asphalt is first removed by 
treatment with propane, and the de-asphalt- 
ized oil then saturated with gaseous methane 
under pressure. As a result lubricating oil 
fractions separate out, beginning with the 
most viscous and continuing in descending 


O.N-CII—C-CII. 
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order of viscosity. See also De-asphaltizing 
(solvent processes). 

pilocarpine. C„H„ 0 ,N,. 

C,H» • CH—CH CH,-C N-CHj 

io CH, CH CIl 

V N 

iSSSSSf w.'Sj-ss 

‘, the alkaloids obtained from the leaves 
various species of Jatoranti. It acts 
on the nerve endings of the secretory cells 
causing increased secretion of sweat and 
saliva, but is now rarely used owing to its 
depressant action on the heart. 

d-Pimaric acid, C 10 H J 0 O t . The probable 
formula is shown herewith. 

IIOOC CH, 



It is present in French colophony. M.P. 
218 °-219°; [a]U+87-3° in chloroform. 
Soluble in ethyl alcohol and chloroform. 
An acid which was given the name f- 
pimaric acid is not in fact a stereoisomer 
of d-pimaric acid and the name /-sapictic 
acid has been suggested for it. 

Pimelic acid, C T H u 0 4 , 

HOOC • [CH,], • COOH. 

Colourless prisms, M.P. 105*. Soluble up 
to 5 % in cold water, also soluble in alcohol. 
It is present in castor oil. It can be pre¬ 
pared from pentamethylcne chloride via the 
nitrile and by the reduction of salicylic acid. 

Pinacol, Pinacone, C,H u O„ 

CH. CH, CH, CH, 


<!)H Ah 


is a colourless, crystalline substance, M.P. 
38°, B.P. 175°. Sparingly soluble in cold 
water; soluble in hot water, alcohol, and 
ether. Crystallizes from water as a hydrate 
(6H,0) melting at 47°. Prepared by treat¬ 
ing a mixture of acetone and benzene with 
magnesium amalgam. Water is added 
when the reaction is over, and the benzene 
layer, on concentration, deposits crystals 
of pinacol hydrate. When heated with 
sulphuric acid, it forms pinacolonc. Di- 
methylbutadiene is formed when the 
vapour of pinacol is passed over alumina 


Pinane 

at 400°. Used in the manufacture of di- 
methylbutadienc. 

Pinacolone, Pinacolin, C e H, t O, 

CH, 


CH,—C-C—CII, 

I 

CII, 


is a colourless liquid with a camphor-likc 
odour, D w 0 7999, B.P. 103°-100°/746 mm. 
Insoluble in water; miscible with alcohol 
and ether. Prepared by heating pinacol 
hydrate with sulphuric acid and distilling 
the mixture. It is reduced to pinacolyl 
alcohol and oxidized to trimethylacetic 
acid. 

Pinacol-pinacolone rearrangement. When 
heated with mineral or organic acids, pina- 
cols undergo a molecular rearrangement 
with loss of water to give ketones known 
as pinacoloncs. The mechanism of the 
reaction i 9 still uncertain, but is known to 
involve the transfer of one alkyl or aryl 
radical from one carbon to another. The 
following is an example of the change : 


CH, 


c 
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‘ CII. 
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pinacol pinacolonc 

Pinacols arc 1 : 2 -glycols of the type 

Ri R, R, R* 

OH OH 

where R,R„ etc., arc alkyl or aryl radicals. 
They arc formed by reducing aromatic 
ketones with zinc and dilute acid ; or from 
aliphatic ketones by reduction with mag¬ 
nesium amalgam. 

Pinacone. See Pinacol. 

Pinane, C, 0 H„. 

CII, 

CH 
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Pinene 


4 10 Pinnaglobulin 


A saturated hydrocarbon produced by the 
catalytic hydrogenation of a- or /?-pinenc. 
It can exist theoretically in both cm- and 
trans- forms. By reducing /-x-pinenc with 
hydrogen and a nickel catalyst at 220°-230“ 
/r<m*-/-pinane was obtained of B.P. 102 °- 
164°/720 mm., <T” 0-8510. l»”*‘ 1-45952, 
fa] n — 10 - 1 . By reducing in presence of 
platinum black at the ordinary temperature 
/-x-pinenc formed cis-/-pinane, B.P. 104-8°- 
105'8°/71fl mm., d* 0 8502, nj,° 1-4024, 
Wo — 18-9’. Pinanc is very stable to 
mineral acids and to oxidizing agents. 
a-Pinene, C I0 H I# . 

CH, 



A dicyclic tcrponc. The most important of 
the terpcnc hydrocarbons. It 19 found in 
most essential oils derived from the Conifcnc, 
and is the main constituent of turpentine 
oil. As it contains two asymmetric carbon 
atoms, the hydrocarbon separated from 
various essentiul oils varies greatly in 
optical rotatory power, and it is difficult to 
obtain pure. The following constants prob¬ 
ably relate to almost pure specimens : M.P. 
- 50°, B.P. 156°, </•» 0 8020, n D 0-14650, 
[*1d ± 51-2°. d-x-Pinene is found in Ameri¬ 
can, German, Russian, and Swedish turpen¬ 
tine oils, and /-x-pinene in French turpen¬ 
tine oil and English pine-needle oil. The 
d-forin is easily obtained in a pure state by 
fractionation of Greek turpentine oil, of 
which it constitutes 95 %. Pinene may be 
separated from turpentine oil in the form of 
its crystalline nitrosochloride, C 10 H lt NOCl, 
from which the dl -form may be recovered 
by boiling with aniline in alcoholic solution. 
When heated under pressure at 250°-270°, 
a-pinene is converted into dipentene. It 
can be reduced by hydrogen in the presence 
of a catalyst to form pinane. It is oxidized 
by air or oxygen, both wet and dry. With 
moist air it forms sobrcrol, C 10 H 18 O„ which 
forms the oxide pinol, by the action of weak 
mineral acids. 


By oxidation with permanganate it forms 
pinonic acid, C I0 lI M O„ a monobasic acid 
derived from cyclobutnnc. With strong 
sulphuric acid it forms a mixture of limo- 
nene, dipentene, tcrpinoline, terpinene, 
camphcne, and p-cymcnc. When gaseous 
hydrogen chloride is passed into turpentine 
oil a crystalline su I .stance separates, which 
is known as “ artificial camphor " and can 
also be formed by passing hydrogen 
chloride into solutions of oil of turpentine 
in various solvents. It has the composition 
C|*H lt CI, and consists of bomyl chloride, 
derived from a-pinene by intramolecular 
change. a-Pinene reacts with picric ucid 
in benzene solution to form a mixture of 
bomyl picratc and fenchyl picratc. 

0-Pinene (Nopinene), C 10 II U . 

CH, 



CH 


x-Pincnc in nature is usually accompanied 
by smaller but variable amounts of /-/?-pin¬ 
ene. Natural d-/?-pinene has only been 
found in one oil, extracted from the ripe 
fruits of Ferula galbaniflua. 0-Pincnc 
yields no crystalline derivatives, and has to 
be separated from a-pinene by fractional 
distillation. It shows the constants : B.P. 
162°-163°, d” 0-8660, n” 1-4724, [ a J D 
— 22-2°. On oxidation with potassium per¬ 
manganate it forms nopinic acid, C I0 H„O„ 
of M.P. 126°-127°. 

Pinitol, C,H u O„ is the methyl ether of 
d-inositol (tf.o.). It is also known as 
matezite or sennite ; it is found in residues 
from the manufacture of coniferin, in senna 
leaves, and Madagascar rubber. It has 
M.P. 186°, [a] D + 65-5°. 

Pinnaglobulin. A brown respiratory pig¬ 
ment present in the blood of the lamelli- 
branch. Pinna squamosa. It resembles 
hcemocyanin, but contains manganese in 
place of copper. 



Pinocampheol 

Pinocampheol, C 10 H I 8 O. 

CH, 

Ah 
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Piperine 



HC 


/ 


\ 

H,C- b • CH, 


\o 


H*C 


/ 


/ 


CII, 


A secondary alcohol derived from pinenc. 
the /-form of which occurs in oil of hyssop. 
The dl -form is formed by the reduction of 
rf/.pinocamphonc with sodium in moist 
ethereal solution, by the reduction of carvo- 
pinonc and by the reduction of /-pino- 
camphonc. /-Pinocampheol is a crystalline 
solid of M.P. 07°-68°, 13.P- 217°-218 <> , 

0 0078, 1-48420, [aJ D - 44-■38°. It forms 

a phenylurethanc, the d/-form of which 
melts at 98°. 

Pinocamphone, C m H m O. 

CH, 

in 

/\ 


N 6 

A dicyclic ketone, the /-form of which con¬ 
stitutes about 45 % of oil of hyssop. The 
dl -form is obtained by the reduction of 
nitroso-pinene with zinc dust in acetic acid 
solution. It forms pinonic acid on oxida¬ 
tion. /-Pinocamphone has B.P. 212°-213°/ 


765 mm., 0-9662, n" 1-47421, [aJ D 
-13-42°. 

Pinocarveol, C 10 H lt O. See next column. 
A dicyclic terpene alcohol, the /-form of 
which is present in the oil of Eucalyptus 
globulus. It is also formed amongst other 
products by the auto-oxidation of 0 -pinene. 


It can be isolated as the hydrogen phthalatc 
and also by its compound with boric acid. 

r 



/-Pinocarveol has M.P. 7°, B.P. 208°-209°. «/» 
0 981, n" 1-49901, (<x] D - 01-67. The 
dl -form has B.P. 215°-218°, 0 980, 

n' D ' 1-4988. /-Pinocarveol forms a phenyl- 
urethane of M.P. 88°-89°, that from the 
dl -form melting at 95°-90°. 

Pioloform. A brand of polyvinyl plastic. 

Piperazine, diethylenediamine, 

C.H..N, . 611,0. CH.-CH, 

Colourless crystals, / 3 3 

M.P. 44° (104° when NHl ^NH 

anhydrous) B.P. 140°. \ • * 

Soluble in water and * 

alcohol. Prepared by the action of sodium 
glycol on ethylenediaminc hydrochloride. 
It is used as a uric acid solvent in the 
treatment of gout and rheumatism. 

The piperazine (also called pyrazinc) ring, 
is numbered as shown. 

Piperidine, C,H„N. A colourless liquid 
with a characteristic am- 
moniacal smell. F.P. — 9°, 

B.P. 106°, D” 0 8000. 

Miscible with water. It is 
present in pepper as the 
alkaloid piperine from 
which it can be obtained 
by heating with alkali. It can also be pre¬ 
pared by the reduction of pyridine, either 
elcctrolytically or by other means. Piperi¬ 
dine is a strong base, behaving like the 
aliphatic amines. 

Piperine, C, 7 H 1 # 0,N. An alkaloid present 
in pepper. It crystallizes in CJL 

columns, M.P. 129-5°. In- 
soluble in water, soluble in CH, CH, 
alcohol. Alcoholic solutions 
have a burning taste. It CII. 

^ ^0- / ^jCH:CH CH:CH CO^N 

hydrolyses to pipcric acid and piperidine. 


CII, 


/ CH -\ 
H,C C 
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Piperitol, C I0 H„O. An optically active, 
secondary terpene alcohol. 

/-Piperitol is found in 
various eucalyptus oils and 
d-piperitol in the oil from 
a species of Andropogon. 

A somewhat viscous oil of 
pleasant smell. The con¬ 
stants of the t/-form were 
found to be B.P. 105°- 
170°/200 mm., <£ 0 911, 
n o 1474, [<x] D + 40 0°, and 
for the /-form d” 0 023, 

< 1-470, [a) D - 34 1°. It 
yields piperitone on oxidation with chromic 
acid. 

Piperitone, C l0 H u O. An optically active 
terpene ketone, the /-form of 
which is found in a very large 
number of eucalyptus oils, 
and especially in oil from 
eucalyptus dives. Thcd-form 
is found in Japanese pepper¬ 
mint oil, and in the oil from 
Sudan Muharcb grass. When 
the rtetive forms arc distilled 
at the ordinary pressure they 
are partially raccmized, and 
they are completely racemizcd 
by digestion with an alcoholic 
solution of potassium hydroxide or by 
sodium ethylate.' 

Piperitone is of considerable technical 
importance. It is a colourless oil of a 
pleasant pcppcrmint-1 ike smell. /-Piperitone 
has the following constants: B.P. 109-5*- 
110-5°/15 mm., dj° 0-9324, 1-4848, (a]£ 

— 51-53°. Piperitone forms a mixture of 
two semicarbazones. From the racemic 
form the slightly soluble et-scmicarbazonc 
melts at 226°-227°, and the /J-scmicar- 
bazonc at 174°-176°. d-Piperitone yields 
an optically active a-scmicarbazone of M.P. 
193°-194°. Piperitone yields thymol on 
oxidation with ferric chloride. On reduc¬ 
tion with hydrogen in presence of a nickel 
catalyst it yields menthone. On reduction 
with sodium in alcoholic solution all forms 
of piperitone yield racemic menthols and 
isomcnthols together with some racemic 
a-phcllandrene. 

Piperonal, C # H,0,. White crystals, M.P. 
37°, B.P. 263°. Very 
slightly soluble in water, .Of^iCHO 
soluble in alcohol and H.C<^ 
ether. N °IJ 

Occurs associated with 
vanillin. Obtained on oxidation of various 
natural products such as pipcrinc. 

It is used extensively in soap perfumery. 

Pipe sampling. A method applicable to 
the sampling of finely divided solids. A 



CH, 
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pipe is forced down into the mass and on 
being withdrawn contains a core of the 
material. In the case of solids, such ns 
grain, which tend to How, concentric tubes 
with slits which extend from top to bottom 
are employed. The sampler is driven into 
the mass, the slit opened by rotating the 
inner tube thus allowing solids to enter, 
closed, and the tubes withdrawn. 

Pitchblende. A heavy black mineral, 
resembling pitch in appearance, consisting 
largely of uranium oxides ; different 
specimens vary widely in composition, and 
thorium, cerium, lead, etc., arc usually 
present. Pitchblende is distinguished from 
other similar minerals by its radioactive 
properties and high specific gravity (0-4-9-7). 
The mineral is important as a source of 
uranium and radium. 

Pitchstone. A volcanic glass resembling 
obsidian and derived from naturally-fused 
porphyry. It is sometimes used as n flux 
in coloured pottery. 

Pitocin. Sec Pituitrin. 

Pitressin. See Pituitrin. 

Pituitrin. A trade name given to an 
extract of the posterior lobe of the pituitary 
gland. It contains at least two hormones; 
one, oxytocin or pitocin, has a very power¬ 
ful contractive action on smooth muRcle, 
particularly of the uterus; the other, 
vasopressin or pitressin, causes a prolonged 
rise in the arterial blood pressure. All the 
names given are trade names ; the chemical 
nature of the hormones has not been dis¬ 
covered, and no chemical names have been 
given. 

Plagioclase. A sub-group of the felspars 
consisting of a mixture of sodium and 
calcium felspars, readily distinguished by 
their extinction angles. The following 
unit cell dimensions are given by Taylor: 

a b e a fi y 

Albite . 814 ia-86 717 94*3' 116*89' 88V 
Andoine . 814 ia 86 717 93*a3' u6*a8' 89*59' 
Labradorite (8-ai) (18-95) 1416 93*31' 116*31' 89*55' 
Anortbitc . 8-ai ia-9S 14-16 93*13' 115*56' 91*12' 

The crystals are triclinic and have two 
cleavages at 88°; sp. gr. = 2-6-2-7, hard¬ 
ness 6. 

Planck’s constant. Sec Quantum hypo¬ 
thesis. 

Plane of symmetry. See Crystal symmetry. 

Planetary electrons. The electrons which 
may rotate in orbits round the nucleus of 
an atom are called the extra-nuclear or 
planetary electrons. 

Plaster. A material used to cover and 
produce a pleasing surface on a wall or 
other structure. The chief materials are 
(i) a mixture of lime and sand or of Portland 
cement and sand, and (ii) several materials 
consisting essentially of plaster of Paris. 
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Plaster 0 ! Paris. An incompletely by- 
dra ted calcium sulphate correspond.ng to 
the formula 2CaSO„ H,0, produced by 
Latins cvpsum until three-quarters of the 
“io the latter has heos drive,, off. 
The remaining water may revcrs.bly be re¬ 
moved by gentle heating, but on moderately 
strong heating the gypsum becomes 44 dead- 
h„mt ” and will no longer revert to plaster 
n f Paris on addition of water. The setting 
of plaster is the result of rehydration due to 
the added water; it is accompanied by a 
•light expansion. 

plastic moulding. Plastic moulding con¬ 
sists in shaping materials while in a heat 
softened stage and setting them, cither 
bv continued heating for thermosetting 
materials, or by cooling in the case of 
thermoplastics. Thermosetting materials 
may be compression moulded, usually in 
hardened steel moulds using hydraulic 
presses, or may be transfer moulded in 
which case they are passed in the softened 
state from a charging pot through a channel 
in the mould block to the main mould 
cavity by the application of sufficient 
pressure. Thermoplastic materials arc 
moulded largely by injection of the hot 
softened material into a cold die: com¬ 
pression moulding of thermoplastics, using 
moulds which arc alternately heated and 
cooled, may also be carried out. Blow 
moulding consists of injecting a blast 
of steam or air between heated thermo¬ 
plastic sheets located in a split mould which 
is later cooled. 

Plastics. This rather inapt term has 
gradually come to be applied to composi¬ 
tions of organic origin, natural or synthetic, 
which can be moulded by heat, or pressure, 
or both. The moulded products arc also 
usually called “ plastics.” Certain com¬ 
positions arc so closely allied to those de¬ 
fined above, e.g. oil-soluble phenolic resins 
used in the manufacture of paints and 
varnishes, that they are often included in 
the same category. 

Plastics may be either natural as shellac, 
or synthetic as bakelitc. Although the 
natural plastics may undergo some prepara¬ 
tion or purification they are not as a rule 
profoundly modified by chemical processes. 
Casein, however, occupies an intermediate 
position, since after its extraction from 
skim milk, it is usually considerably modi¬ 
fied in the chemical sense by hardening 
in formaldehyde solution after or during 
processing. 

But in spite of careful definition of the 
terra “ plastics ” and an equally careful 
classification of the diverse materials 
falling into the category of plastics over¬ 


lapping is inevitable, and any system of 
classification must be imperfect. 

Classification of plaslics .—The simplest 
and most natural classification takes into 
account the behaviour of these materials 
when heated. The “ thermoplastic ” com¬ 
positions soften or melt but show little or 
no change on continued heating; the 
“ thermosetting " compositions, on the other 
hand, after softening or melting, gradually 
harden, and finally lose their fusibility 
more or less completely. 

This difference of behaviour is made use 
of in moulding ; the thermoplastic composi¬ 
tions are rendered mouldablc by heat, and 
the shape thus impressed upon them is 
preserved by cooling them in the mould. 
The thermosetting compositions, on the 
other hand, on heating at first soften and 
take the impression of the mould, and on 
further heating harden in the hot mould. 

Shellac and casein plastics have some of 
the properties of both classes. 

Plate and frame press. Sec Filter press. 

Plate column. A distillation column 
consisting of a number of perforated hori¬ 
zontal plates, usually equally spaced. As 
in the bubble-cap type of column, a layer 
of liquid is maintained on each plate by the 
reflux which enters the top of the column 
and flows down from plate to plate through 
overflow pipes. The velocity of the vapour 
rising up the column is sufficient to prevent 
the reflux draining through the perforations. 
Enrichment of the vapour is effected by the 
scrubbing which takes place as it bubbles 
through the liquid on each successive plate. 

Plate spacing. The distance between 
successive plates in a plate or bubble-cap 
distillation column. Plate spacing is gener¬ 
ally uniform, but it may be increased at the 
top of the column to minimize entrainment. 

platinum, Pt. At. no. 78, At. wt. 195-23, 
is the most abundant and most important 
member of the group of metals to which it 
has given its name. It was introduced into 
Europe from South America by the Spanish 
colonists in the first half of the eighteenth 
century, and its name is derived from the 
Spanish word for silver, on account of its 
appearance. It is a very malleable and 
ductile metal, and is harder than silver. It 
melts at 1773°, its sp. gr. is 21*4, and it has 
the face-centred cubic structure, a = 3-910 a. 
Chemically it is very 44 noble.” It is per¬ 
fectly stable in air at ordinary temperatures, 
and is quite unaffected by most reagents. 
When heated in air or oxygen it is super¬ 
ficially converted to PtO, but this decom¬ 
poses at higher temperatures. Fluorine and 
chlorine gases do not attack it below 300°. 
It is, however, attacked by aqua regia, by 
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fused alkalis, and by cyanide solutions in 
presence of air. Hot concentrated sul¬ 
phuric acid slowly attacks it. anil observa¬ 
tions on this point arc rather conflicting, 
presumably because the attack is much 
inhibited by sulphur dioxide or substances 
(such as ursenious oxide) which arc capable 
of liberating it. The compact metal has 
marked catalytic activity, and this is much 
enhanced when it is present in one of the 
finely divided forms (sec Platinum, spongy ; 
Platinum black; and Platinum hydrosol). 
In its compounds it is usually bi- or quad¬ 
rivalent. 

Its mechanical, chemical, and catalytic 
properties make it a very important metal in 
industry, in the arts, and in scientific work. 
Alloys with silver (as a rule containing 25 % 
or 33 % of platinum) are used in dentistry, 
and alloys containing about 10 % of iridium 
in jewellery. In the laboratory crucibles 
and other apparatus made of platinum 
(again often alloyed with a little iridium) 
arc much used. On account of its coefficient 
of expansion it is the most suitable metal 
for sealing through glass, and for many 
kinds of electro-chemical work platinum 
electrodes arc indispensable. “ Blackened ” 
platinum electrodes consist of platinum 
gauze, foil, or wire on which a layer of very 
finely-divided platinum has been elcctro- 
lytically deposited, preferably from a solu¬ 
tion containing traces of lead. Other 
laboratory uses arc in thermocouples 
(Pt/Pt-Hh is the most usual combination) 
nnd resistance thermometers. In industry 
platinum catalysts are of great importance, 
especially in the contact process for sul¬ 
phuric acid and in the oxidation of am¬ 
monia to nitric acid. For these purposes 
gauze may be used, or asbestos, or better, 
some soluble porous material such as dehy¬ 
drated magnesium sulphate may be im¬ 
pregnated with finely-divided metal. The 
advantage of a soluble vehicle is that it 
enables the metal to be easily recovered 
should it become “ poisoned.” 

Platinum ammines. Two well-defined 
and stable scries exist, the platinous am¬ 
mines which are derived from bivalent 
platinum and in which the co-ordination 
number is four, and the platinic ammines 
in which platinum is quadrivalent and has 
the co-ordination number six. 

The platinous ammines, of which the 
principal types arc (PtA 4 ]X, and (PtA,X,], 
where A is ammonia or a substituted am¬ 
monia and X a univalent acid radical, 
closely resemble the palladium ammines 
and, like them, exhibit isomerism which 
has been the subject of much investigation. 
There is no doubt that in the simplest cases 


the four covalcncics are coplunar, but the 
resulting possibility of cis-trans isomerism 
docs not adequately account for all the 
phenomena, and the stereochemistry of 
some of these compounds is still not fully 
understood. 

The principal types of plutinic ammines 
are (PtA.)X., [PtA.XjjX,, (PtA a X,)X, nnd 
(PtA,X 4 J. in which A and X have the same 
significance as above. The stereochemistry 
of these compounds corresponds with an 
octahedral arrangement of the six co¬ 
ordinated groups. The ammonia compounds 
are easily transformed into amido-com- 
pounds, with which they arc in equilibrium 
in solution in accordance with the equation 
c.g.[Pt<NH,) # r-^ (PKNHjUNH.j • + IP. 
The salts of the hexnmminc series have long 
been known ns salts of “ Drcchsel’s Base,” 
[Pt(NII,) 4 )(OH) 4 , which is known in the 
free state. 

“ Platinum black ” is a finely-divided 
and usually impure form of the metal 
obtained by precipitation from solution 
with the aid of reducing agents such ns 
aluminium, hydrazine hydrate, or sodium 
formate. It is a very powerful catalyst. 

Platinum bromides. PtBr, is a brown 
insoluble substance formed by the decom¬ 
position of PtBr 4 . PtBr, is also capable of 
existence over a narrow range of tempera¬ 
ture. PtBr 4 is formed by the gentle 
ignition of H,PtBr„ but is not obtained 
pure, as it partially dissociates, forming the 
lower bromides. 

Platinum bromides, complex. Bromo- 
platinous acid, II,PtBr 4 , exists in solution, 
and some of its salts arc known. They 
resemble the chloroplatinitcs, with which 
they are isomorphous. 

Bromoplatinic acid is formed when a 
mixture of hydrobromic and nitric acids 
acts on the metal. It crystallizes as 
HjPtBr,, 911,0 in red monoclinic prisms, 
M.P. 180°, which arc readily soluble in 
water or alcohol. The bromoplatinates 
resemble the chloroplatinatcs, and arc iso¬ 
morphous with them. 

Platinum chlorides. PtCl,, PtCl„ and 
PtCl 4 arc known, and PtCl has been said to 
exist. The substance commonly known as 
platinic chloride is chloroplatinic acid. 
See Platinum chlorides, complex. 

PtCl, is formed by the partial decom¬ 
position of PtCl 4 or of one of the choro- 
acids, or by the action of chlorine on the 
finely-divided metal at 360°. It is a grey 
or brown powder, insoluble in water but 
soluble in hydrochloric acid, owing to the 
formation of a complex acid. It readily 
unites with ammonia, forming ammines 
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mri is a product of the incomplete 

Ration of MCI.. « » » e'" nish - 
WMk powder, which slowly _ dissolves in 
boUing water with partial hydrolysis 
^PtCI is obtained by heating chloro- 
nlatinic acid in a current of chlorine It is 
a reddish hygroscopic substance, and forms 
“ series of hydrates with one, two, four and 
five molecules of water, the tetrahydrate 
being the most stable under ordinary 
^nations. Its aqueous solutions have a 
ctmnolv acid reaction, and may be regarded 
^containing the acid H,[PtCI 4 <OH),j. 
wit h which the dihydrate may be identi- 

ie piatinum chlorides, complex. The simple 
chlorides of platinum readily form complex 

acids of various types. 

Tetrachloroplatinous acid, 11,1 tCI 4 , exists 
in a solution of PtCl 2 in HCI. On attempt¬ 
ing to concentrate it. a reddish deliquescent 
mass of trichlorohydroxyplatinous acid, 
H [PtCI,(OH)], H t O is obtained. The tetra- 
chloroplatinites arc stable, red. crystalline 
salts, prepared by gentle reduction of the 
chloroplatinates. They are mostly soluble 
in water, and X-ray analysis of their crys¬ 
tal structure shows that the four chlorine 
atoms arc arranged in a plane. Salts of 
H,PtCI,(OH) are not so well known, but 
the silver and lead salts have been described 
as brown precipitates. 

Pentachloroplatinous acid, H,PtCI». appears 
to be formed when chlorine is passed through 
a solution of H,PtCl 4 . A green ca'sium salt, 
Cs,PtCI 4 , has been obtained. 

Chloroplalinic acid, H,PtCI 4 , is formed 
when the metal dissolves in aqua regia, and 
on evaporation of the solution reddish 
needles of H.PtCl,. 0H,O, which melt in 
their own water at 60°, are obtained. This 
is probably the best-known platinum com¬ 
pound, and is commonly called platinic 
chloride. It is a strong acid, and forms a 
scries of stable salts, the chloroplatinates. 
Of these the potassium and ammonium 
salts are anhydrous, and very sparingly 
soluble in water, a fact which is of import¬ 
ance in analytical chemistry. The caesium 
and rubidium salts are even less soluble. 
These all form yellow octahedra. The 
silver salt also is insoluble, but most of the 
other chloroplatinates are readily soluble 
hydrated salts. 

A number of chlorohydroxyplatinic acids, 
of general formula H,[PtCl # _^OH),], are 
known in solution, and one of them, 
H,PtCl 4 (OH)„ may be identified with 
PtCl 4 ,2H,0. They are all strong acids, 
and many of their salts have been described. 

Platinum cyanides, Pt(CN), and Pt(CN)„ 
have both been obtained as yellow pre¬ 


cipitates by decomposition of the complex 
cyanides ( q.v .). 

Platinum cyanides, complex. The platino- 
cyanidcs or cyanoplatinitcs arc an im¬ 
portant series of stable salts derived from 
H t Pt(CN) 4 . The free acid may be obtained 
by decomposition of a heavy-metal salt 
with hydrogen sulphide, and forms black 
deliquescent prisms which arc readily 
soluble in water, alcohol, and ether. The 
alkali metal salts are formed when solutions 
of platinum compounds are warmed with 
alkuli cyanide, or when the metal dissolves 
in a cyanide solution. Other salts may be 
obtained by double decomposition. They 
are mostly soluble hydrated salts which 
crystallize well, and are remarkable for the 
variety of colours they exhibit: they may 
be red, yellow, purple, blue, or green ; 
often different hydrates of the same salt 
differ markedly in colour, and they arc 
often dichroic. Many of them exhibit 
fluorescence, and the barium salt 

BaPt(CN) 4 , 411,0 

is often used as a fluorescent screen in work 
with radium or X-rays. 

Another series of complex cyanides is the 
platinicyanidcs derived from HPt(CN) 4 . 
This acid is formed by the oxidation of 
H,Pt(CN) 4 with hydrogen peroxide, and 
some of its salts are known. They arc 
easily reduced to platinocyanides. 

Platinum-detection and estimation. Sec 
under Platinum metals. 

Platinum fluorides. PtF, and PtF 4 are 
both formed when the metal is heated in 
fluorine. PtF, is a yellowish-green insoluble 
substance, whilst PtF 4 forms hygroscopic 
yellow crystals which arc soluble in water, 
the solution being easily hydrolysed. 

Platinum hydrosol is prepared by reduc¬ 
tion of platinum solutions with, c.g. 
hydrazine hydrate in presence of a protec¬ 
tive colloid such as sodium lysalbinnte. It 
is a very powerful catalyst for reactions of 
widely-varying types, and has interesting 
analogies with the enzymes. 

Platinum iodides. PtI, and Ptl 4 arc 
both black insoluble powders which may be 
obtained by double decomposition. Ptl 4 , 
although not soluble in water, is soluble 
in alcohol. It also dissolves in aqueous 
hydriodic acid, forming a complex acid. 
PtI, is slowly dissolved by hydriodic acid, 
forming the same complex acid and a pre¬ 
cipitate of the metal. 

Platinum iodides, complex. Iodoplaiinic 
acid, H,PtI„ 911,0, can be obtained as dark- 
red monoclinic crystals from a solution of 
Ptl 4 in hydriodic acid. It breaks up on 
heating, or slowly in solution, into III and 
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Ptl 4 . A number of its salts are known. 
(NH 4 ),PtI # and K,PtI 4 arc anhydrous and 
isomorphous with the chloro-salts, but arc 
more soluble than these. They form black 
crystals, and give a deep red solution which 
is not very stable and soon deposits Ptl 4 . 

Platinum metals. The platinum metals 
are ruthenium, rhodium, palladium, os¬ 
mium, iridium, and platinum. They are 
placed in Group VIII of the Periodic Table, 
ruthenium and osmium being grouped with 
iron, rhodium and iridium with cobalt, and 
palladium and platinum with nickel. Ru¬ 
thenium, rhodium, and palladium arc some¬ 
times distinguished as the “ light platinum 
metals," the other three being the “ heavy 
platinum metals.” They occur all together 
as alloys which are classified according to 
their composition as “ native platinum" 
and “ osmiridium.” They arc found in the 
Urals, on the western slopes of the Rockies 
(British Columbia and California), and in 
the Republic of Columbia. Many gold, 
silver, and copper ores contain small 
amounts of platinum and palladium, and 
the nickel ores of Ontario contain workable 
amounts of platinum. Their chemistry is 
discussed under the individual metals. 

Platinum metals, detection and estima¬ 
tion. The platinum metals arc all precipi¬ 
tated as sulphides by hydrogen sulphide 
from acid solution, and the free metals are 
all precipitated from solution by such 
metals as zinc or magnesium, when their 
insolubility in nitric acid serves to distin¬ 
guish them from most other metals except 
gold. (N.B.—Palladium dissolves slowly in 
nitric acid.) Platinum may be distin¬ 
guished from gold by the fact that it is not 
reduced to the metal by oxalic acid. The 
detection of the individual metals is a 
matter of some difficulty, and reference 
must be made to a special text-book of 
analytical chemistry. 

They arc usually estimated by precipita¬ 
tion as the metal or as sulphide or oxide, 
followed by ignition in hydrogen and 
weighing as metal. Platinum may be pre¬ 
cipitated as (NH 4 ),PtCI 4 , and this may be 
weighed as such or ignited to metal. 

A quantitative separation is an elaborate 
operation. A number of schemes have 
been worked out, and are given in the larger 
text-books on analytical chemistry. A 
recent scheme is given by Gilchrist and 
Withers, Journ. Amer. Chan. Soc. t 1935, 
57, 2505. 

Platinum, native, is usually found in the 
form of small grains, but occasionally large 
nuggets and more rarely cubic crystals are 
found. Some specimens arc strongly mag¬ 
netic, a property which is connected with 


the presence of iron, although there i3 no 
definite parallelism between the iron 
content and the magnetism. As a rule it 
contains from 00 % to 85 % of Pt, with 
smaller amounts of the other platinum 
metals and also iron and copper. 

Platinum nitrites, complex. No simple 
nitrites of platinum arc known, but com¬ 
plex nitrites of bivalent platinum, and 
mixed complex nitrites containing halogens 
of both bi- and quadri-valent platinum exist. 
Their general formula? arc MjPtfNO,),; 
MjPtfNOjlj.jX, ; M,Pt(NO,) 4 _,X ,; where 
M is a univalent metal and X a halogen. 

Platinum oxides. PtO is formed when 
the finely-divided metal is heated in oxygen 
at about 450°. On being more strongly 
heated it decomposes to the metal and 
PtO„ which itself decomposes at higher 
temperatures. The hydrated monoxide 
PtO, 2H,0 is precipitated by caustic alkalis 
from solutions of platinous compounds. It 
cannot be dehydrated without decomposi¬ 
tion, and is very reactive, being easily 
reduced to the metal and also easily oxidized 
on exposure to air. 

A hydrated sesquioxide, Pt,0,, *11,0, is 
thrown down as a brown precipitate from 
a solution of the trichloride by alkalis. It 
is soluble in excess of alkali and also in 
concentrated acids. It cannot be dehy¬ 
drated without decomposition. 

The dioxide is to be regarded as the 
anhydride of hexahydroxyplatinic acid, 
H,Pt(OII), or PtO,, 4H,0. This may be 
obtained as a white precipitate by neutral¬ 
izing with acetic acid solutions of (c.g.) 
PtCI 4 which have been boiled with excess 
of caustic alkali. It dissolves in alkalis 
forming its salts, several of which arc 
known in the crystalline state, and also in 
hydrochloric acid, forming chlorohydroxy- 
platinic acids. Lower hydrates with 3, 2 
and 111,0 also exist. 

A trioxide, PtO,, is known. It is a 
reddish-brown and very unstable substance 
which has powerful oxidizing properties, 
and gradually loses oxygen even at ordinary 
temperatures. It is formed as a rather 
indefinite compound with alkali, formu¬ 
lated K,0, 3PtO„ by electrolytic oxidation 
of alkaline solutions of the dioxide. The 
compound appears as a yellow layer on 
the anode, and when this is treated with 
cold dilute acetic acid the trioxide is 
liberated. 

Preparations of platinum oxides obtained 
by various dry methods are very powerful 
hydrogenating catalysts, even more active 
in this respect than platinum black. 

“ Platinum, spongy,” is the form of the 
metal obtained by ignition of ammonium 



Platinum 


4 i 7 


Polanyi 


chloroplatinate. It is a soft, porous, grey 
mass, and has great catalytic activity. 

Platinum sulphate, Pt(S0 4 ) 2 , 411,0, may 
be obtained from the solution which results 
when the finely-divided metal is heated 
with sulphuric acid, or when an alternating 
current is passed between platinum elec¬ 
trodes in sulphuric acid. It forms orange 
crystals. The solution is easily hydro¬ 
lysed, depositing a basic salt. 

’ Platinum sulphides, PtS and PtS„ may 
be obtained by precipitation with hydrogen 
sulphide from solutions of bi- and quadri¬ 
valent platinum respectively. In the latter 
case the solution must be hot. They 
arc both black precipitates. PtS is very 
inert and almost insoluble in aqua regia. 
PtS,. is more reactive, and easily oxidizes in 
air, forming an oxysulphide. Some complex 
sulphides, such as K,S, 3PtS, PtS t , are 
known. 

Plauson mill. See Colloid mills. 

Playfair, Lyon, 1 st Baron Playfair (1819- 
1898). Piny fair was born at Meerut, Bengul, 
of Scottish parents, and was educated at 
St. Andrews and Glasgow. Here he studied 
chemistry under Graham, to whom he was 
subsequently assistant at University College, 
London, before going to Giessen to study 
under Liebig. After being chemical man¬ 
ager of the Primrose Calico Printing Works 
and professor of chemistry at the Royal 
Institution, Manchester, he became chemist 
to the Geological Survey. In 1858 he was 
appointed professor of chemistry in the 
University of Edinburgh. His chief work 
was done in connexion with numerous 
Royal Commissions and Select Committees. 

Pleochroism. Crystals which vary in 
colour according to the direction of ob¬ 
servation arc said to be pleochroic. Very 
marked pleochroism is exhibited by crys¬ 
talline plutinocyanidcs, c.g. K,Pt(CN) 4 . 

Pliicker, Julius (1801-1808). Born at 
Elbcrfcld, Pliicker studied at the Univer¬ 
sities of Bonn, Heidelberg, and Berlin. He 
was appointed professor of mathematics, 
Friedrich Wilhelm's Gymnasium, Berlin 
(1833), and at Halle (1834), professor of 
mathematics, and finally professor of 
physics at Bonn (1830). Pliicker discovered 
the emission of “ cathode rays ” when an 
electric discharge was allowed to take place 
in a highly evacuated glass tube and, 
according to Hittorf, was the first to see the 
lines of the hydrogen spectrum. His main 
field of research was geometry. 

Plutonium, Pu. At. No. 94. Plutonium 
is prepared from M, U in an atomic pile by 
the absorption of slow neutrons and sub¬ 
sequent /3-activity, giving first * ,# Np, which 
disintegrates with a half-life of 2-3 days to 
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form *”Pu. Plutonium has a half-life of 
about 21,000 years and is a-activc, giving 
* Jl U. Owing to its high a-activity it cannot 
safely be handled without special pre¬ 
cautions. It has been detected in pitch¬ 
blende and in carnotitc in minute amounts. 
It is fissionable with slow neutrons. See 
Atomic Energy. 

Plutonium compounds. Chemically 
plutonium resembles uranium, having valen¬ 
cies of 3, 4, 5, and 0 , of which the most stable 
is 4. Pu 1 * can be reduced to Pu " 1 by 
trivalcnt uranium, by sulphur dioxide, and 
other agents. Pu ,v can be oxidized to Pu VI 
by potassium permanganate and other 
strong oxidizing agents. 

Compounds of trivalcnt plutonium arc 
bright blue in solution. Pu 2 (S 0 4 ), and 
PuCI, are soluble in water, PuF, is insoluble. 

Quadrivalent plutonium salts arc orange 
or brown, except the nitrate, Pu(NO,) 4 , 
which is green. The oxide, Pu0 2 , is dark 
brown and is formed by igniting the nitrate 
or hydroxide, the latter being precipitated 
from solutions of Pu ,v salts by ammonia. 
The iodatc, Pu(IO,) 4 , and the lluoride, 
PuF 4 , are insoluble, and plutonium may 
be recovered by co-precipitation of the tri¬ 
or tetra-fluoride with lanthanum fluoride. 

Dcrivntcs of Pu TI are similar to the urunyl 
salts, thus the yellow plutonyl nitrate exists 
and can be extracted with ether. 

Plutonium can be estimated by weighing 
as Pu(S0 4 ) t , PuO t , or Pu(IO,) 4 , or by 
permanganute titration. 

Podophyllin is a mixture of resins obtained 
from the American mandrake, Podophyllum 
pellalum, and from the Indian plant, 
Podophyllum Emodi. These two kinds arc 
not identical chemically, although they have 
similar medicinal actions. Podophyllin is a 
drastic purgative and liver stimulant, but it 
is slow in its action. 

Poiseuille, Law of. A law governing the 
flow of a fluid through a capillary. It is 
expressed by the formula 

T *i-i -7,*-».)'■ 

where V = volume of fluid, measured at 

an average pressure Pt , p, - p t is 

the pressure difference between the ends 
of the capillary, / is its length, r its radius, 
t the time, and 17 the viscosity. 

Polanyi, Michael (1891- * ). Born at 
Budapest, Polanyi was educated there and 
at Karlsruhe and Berlin. Since 1933 he 
has been professor of physical chemistry at 
Manchester University. He is noted for 
his researches upon reaction kinetics and 
crystal structure. 
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Polar bond. See Valency, theory of. 

Polarimeter. An instrument for measur¬ 
ing the amount by which the plane of 
polarization of plane polarized light is ro¬ 
tated in passing through a medium. Its 
chief components arc two Nicols, capable 
of rotation with respect to each other. 
These Nicols are first set so that no light 
passes through the instrument. The 
medium, which is usually a liquid or solu¬ 
tion contained in a horizontal tube, is 
inserted between the Nicols, and the angle 
through which the second Nicol must be 
rotated, in order to restore total extinction 
of the light, is measured. 

Polarization. When a molecule possess¬ 
ing a dipole moment is placed in an electric 
field the molecules tend to set themselves 
in a certain direction, much as a compass 
needle takes up a position in a magnetic 
field. This orientation effect is called 
orientation polarization. At the same 
time the electrons in the molecule arc 
slightly displaced in a direction towards 
the positive pole of the field. This is 
called electron polarization. In addition, 
the nuclei having positive charges arc 
slightly displaced relative to one another. 
This is atomic polarization, and is usually 
of a very small magnitude. The total 
polarization of a molecule is the sum of the 
orientation, electronic, and atomic polariza¬ 
tions. 

The term electrolytic polarization refers 
to the effects met with in electrolysis due 
to existence of overpotential. See Hydrogen 
overvoltage. 

Polar liquid. See Normal liquid. 

Polar molecule. A molecule is said to be 
polar when the centres of action of the 
positive and negative portions of the mole¬ 
cule arc not identical. The molecule then 
behaves like a small rod carrying a charge 
at cither end. Most clcctrovalcnt com¬ 
pounds arc polar, because the electrons 
forming the valency bond are not symmetric¬ 
ally arranged. Thus, in hydrogen chloride, 
the chlorine appears to have more than an 
equal share of the two bonding electrons, 
as represented in the following diagram: 
H : Cl:. This is shown by the readiness 
with’ which hydrogen chloride yields its 
ions : II: d : -*■ H * + : Cl: The mole¬ 

cule behaves as if the chlorine were nega¬ 
tively charged, and the hydrogen positively 
charged. 

Polonium, Po. At. no. 84, At. wt. 210 0. 
A radioactive element of half-life period 
138 days, discovered in 1898 by Madame 
Curie as a constituent of Joachimsthal 


pitchblende. Its radioactivity is due to 
the emission of a- and y-rays, with forma¬ 
tion of radium G or radium lead. Polonium 
is also known as radium F. Chemically, 
polonium behaves as a member of the 
sulphur-selenium-tellurium family. Its 
principal valency is 2 , but there is evidence 
that it can have valencies of 3 and 4. 
Polonium sulphide is less soluble than the 
sulphides of bismuth and lead. Compounds 
of polonium arc readily hydrolysed and 
reduced. The element itself is deposited 
quantitatively from its solutions upon a 
rod of silver, copper, or nickel inserted in 
the liquid. Stannous chloride also causes 
quantitative precipitation of polonium 
from solutions. 

a-Polychloroprene. See Neoprene. 

Polydispersioa. In most colloidal sols, 
the dispersed particles arc of very varying 
size unless some means have been adopted 
to exclude particles outside certain size 
limits. Such a sol is said to be polydispcrsc. 
Thus gelatine solution is a polydispcrsc 
protein dispersion with particles varying 
between 10,000 and 70,000 for the physical 
molecular weight. Sec Colloid, Isodispcroion. 

Polygalitol, C f II It 0 4 , found in Polygala 
species, is 1 : 5-anhydromannitol. It has a 
sweet taste, melts at 142°, [a) D + 47-8°. 

Polyiodides. A group of compounds con¬ 
taining the ions I,“, I 4 “, and I T ", formed 
by dissolving iodine in solutions of iodides. 
Such compounds arc most familiar in the 
case of the alkali elements (c.g. KI„ Csl„ 
KI t ), but are also known for other metals 
and bases. They can often be isolated in 
the solid state, but dissociate readily with 
formation of free iodine. 

Poly-iso-butylene. A synthetic resin of 
the Ethcnoid class used ns a base for 
adhesives and as a plasticizer for polythene. 
The material varies from a sticky liquid 
to a rubbery solid according to its molecular 
weight. It has high water resistance and 
excellent properties at high frequencies. 

Polymer, Polymeride. A term introduced 
by Berzelius in 1828 to distinguish between 
two compounds of the same composition 
but of different molecular weight. The 
compound of higher molecular weight 
is called a polymer of the other. The 
phenomenon of polymerization, whereby two 
or more molecules of a substance unite 
to form another compound of the same 
elementary composition as the first, is 
characteristic of unsaturated substances. 
The reaction often occurs spontaneously 
but may be accelerated by the presence of 
a variety of substances. The compound 
formed by union of two molecules is called 
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a dimer or dimeride, while that from three 
molecules is called a trimer or trimeride. 

Polymethylene glycols are compounds 
formed by the union of several molecules of 
formaldehyde with a molecule of water. 
They arc of the type 

HO—CHjOCHjO . . . CH.OH, 

and are formed in aqueous solutions of 
formaldehyde. The size of the molecule 
increases with increasing concentration of 
formaldehyde. They are readily decom¬ 
posed by heat to give formaldehyde and 
show all its reactions. See Formaldehyde. 

Polymorphism. If a substance is able to 
exist in more than one crystalline form, it 
is said to be polymorphous. The different 
forms are referred to as polymorphs, and 
the phenomenon is termed polymorphism. 
Thus, mercuric iodide crystallizes from 
organic solvents in yellow, orthorhombic 
plates, which slowly revert to a more stable 
form, consisting of flame-red octahcdra 
belonging to the tetragonal system. Poly¬ 
morphism of the elements is known as 
allotropy. 

Polypeptides. Sec Peptides. 

Polysaccharides. Carbohydrate* derived 
from monosaccharides by the removal of 
n —1 molecules of water from n molecules 
of monosaccharides. All the higher carbo¬ 
hydrates arc polysaccharides. 

Polystyrene. A range of polymers ob¬ 
tained from styrene which constitutes an 
important member of the group of ethenoid 
plastics. The materials may be fabricated 
by injection moulding and by solution 
easting. Polystyrene is one of the lightest 
ethenoid plastics (S.G. 105), is manu¬ 
factured in optical grades, and on nccount 
of its negligible water absorption and out¬ 
standing electrical properties at high fre¬ 
quencies it is used for rigid insulation in 
radio applications such as radar and 
television. 

Polythene. Polymerized ethylene. A 
white solid reminiscent of paraffin wax 
but considerably tougher, which by suitable 
control during manufacture may be obtained 
in varying degrees of flexibility. Poly¬ 
thene is used for acid containers on account 
of its chemical inertness and for radar, 
television, and radio applications because 
of outstanding electrical characteristics at 
high frequencies. Polythene melts to a 
low viscosity liquid of low thermal con¬ 
ductivity and is fabricated by extrusion 
and injection on moulding. 

Polythionic acids, H 2 S n O„ and Polythio- 
nates. A series of more or less unstable 
dibasic acids, obtained by the action of 


Pope 

iodine solution on sodium sulphite, thio¬ 
sulphate, and mixtures of these, by the 
action of hydrogen sulphide on other 
members of the same scries and of hydrogen 
sulphide on H,SO a at 0°. The following 
are known, either as free dilute acids or as 
alkali salts: dithionic acid H a S t O„ tri- 
thionic acid HjS a O # , tetrathionic acid 
H,S 4 0„ pcntathionic acid H,S 6 0 6 , and 
hcxathionic acid H t S,O e . 

Aqueous solutions of the free acids de¬ 
compose on concentration, yielding sul¬ 
phuric acid, sulphur dioxide, and sulphur. 
Aqueous solutions of their alkali salts 
decompose slowly. They yield no precipi¬ 
tate with barium chloride solution. Solid 
barium and alkali salts of various acids of 
the series have been prepared. The most 
stable of these is barium dithionatc. 

Polyvinyl chloride. A member of the 
F.thcnoid group of plastics used extensively 
when compounded with suitable plasticizers 
for the manufacture of flexible insulation, 
plastics sheeting, leather cloth, and fancy 
goods. Polyvinyl chloride has a high 
dielectric strength and good resistance to 
acids and alkalis : when suitably com¬ 
pounded it has high flexibility, coupled with 
extremely high flexy and abrasion re¬ 
sistance. It is frequently used in place of 
natural rubber on account of its resistance 
to perishing. It requires a high temperature 
for processing and has a lower softening 
point than that corresponding to rubber 
compositions. 

Pomegranate. The dried bark of the root 
of the pomegranate, Punica granatum, 
contains pcllcticrinc and several other 
volatile alkaloids, together with a high 
percentage of tannin. It is a strong 
astringent, and is employed in the form of 
a decoction followed by a purgative for 
expelling tape-worms. 

Ponceau, 4GB(A). . 

/'-> 11 

C,H j N:NC 10 H 4 < 

''SO, • Na 

An oxyazo-compound prepared from diazo- 
bcnzenc chloride and /J-naphthol mono- 
sulphonic acid S (“ Schaffer's acid **). It is 
used for dyeing wool. 

Pope, Sir William Jackson (1870-1039). 
Born and educated in London, Pope was 
professor of chemistry at the University 
of Cambridge from 1008. Ilis numerous 
investigations included the discovery of the 
optical activity due to asymmetry of the 
nitrogen, sulphur, selenium, and tin atoms. 
He was awarded the Longstaff Medal 
(Chemical Society), the Davy Medal (Royal 
Society), and the Messcl Medal (Society of 
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Chemical Industry). Elected F.R.S., Pope 
was in 1019 created K.B.E. See J. Chan. 
Soc., 1041, 007. 

Populin, C^HjjO,, is monobcnzoyl salicin 
containing the benzoyl group in the sugar 
nucleus. 

C.H, • CO O • C 4 H, 0 O 4 O C.H. • CH.OH 

It is found in the bark of a number of 
species of poplar. Other benzoyl esters of 
the sugars are known. 

Porphyrins. A group of pigments that 
are chiefly of importance because haemo¬ 
globin and other animal respiratory pig¬ 
ments and chlorophyll, the respiratory 
catalyst of plants, arc compounds of por¬ 
phyrins with metals. They are derivatives 
of the substance porphin which has this 
formula. 


2 a 3 
CH CH CH 



vw 


7 y 0 

the rings and carbon atoms being numbered 
and lettered as shown. 

The porphyrins exhibit resonance, the 
double bonds in the formula are therefore 
in purely arbitrary positions. 

The structure of the several porphyrins 
is most conveniently shown by the accom¬ 
panying table, which gives the positions 
of the constituent groups. 

Protoporphyrin, C,«H, 4 0 4 N 4 . is the 
porphyrin present in ham, and can be 
obtained by treating hxmin with formic 
acid and metallic iron. It is identical with 


obporphyrin, which occurs in the egg-shells 
of certain birds. 

Mcsoporphyrin, C, 4 H,,0 4 N 4 , is obtained 
by treating hxmin with hydriodic acid. 

Hxmatoporphyrin, C, 4 II„0 4 N 4 , is ob¬ 
tained from hxmin or hxmatin by the 
action of strong acids. It forms deep red 
crystals, soluble in alcohol, sparingly soluble 
in ether, insoluble in water. 

AStioporphyrin, C„H„N 4 , is obtained by 
heating hxmatoporphyrin with soda-lime. 
It forms deep red crystals, soluble in acetone, 
sparingly soluble in alcohol, insoluble in 
water. 

Coproporphyrin, C M H M O a N 4 , is found 
in the fxces and in normal urine, in the 
serum of various animals, and in certain 
yeasts. 

Uroporphyrin, C 40 H J4 O, 4 N 4 , is excreted 
in the urine in the rare congenital disease 
porphyrinuria. 

Rhodoporphyrin, C„H J4 0 4 N 4 , and pyrro- 
porphyrin, C„H, 4 0,N 4 , arc obtained by 
alkaline degradation of chlorophyll and 
pyrroxtioporphyrin, C*H J4 N 4 , by decarb¬ 
oxylation of these substances. 

Porphyrins have also been found in oil 
shales, in petroleum, in asphalts, and in 
coal. There is little doubt that these have 
been derived from chlorophyll and hxm, 
as they resemble the animal and plant 
porphyrins in the positions of their side 
chains. 

See Linstead, “ The Porphyrin Group," 
An. Reps. Chan. Soc., 1035, 32, p. 359. 

Portland cement. A hydraulic cement 
which, when set, is supposed to resemble 
Portland stone. It is made by calcining 
a mixture of calcium carbonate (chalk 
or limestone) and some aluminosiliceous 
material (clay or “ mud ") in suitable pro¬ 
portions so as to produce a partially fused 
clinker, which is afterwards ground to 
powder. It may also be made from argil¬ 
laceous limestones and chalk or purer 
limestone. The precise mineralogical com¬ 
position of Portland cement is not known, 
but it is generally recognized that 3CaO, SiO, 
is the chief constituent. 
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Positive rays. When an electrical dis- 
charge passes through a gas at low pressure, 
some of the gas molecules become ionized 
with a positive charge, i.e. lose one or more 
of their electrons. Such ions pass towards 
the cathode under the influence of the 
electric Held within the tube, and if a hole 
is cut in the cathode they will pass through 
in the form of a beam. Such beams are 
termed positive rays, or canal rays. 

Positive-ray analysis. When a beam of 
positive rays which consists of charged 
atoms, i.e. ions, is passed through a mag¬ 
netic and an electrical field, the various 
ions are deflected to different extents, 
depending on their velocities, masses, and 
charges, and may be detected by their 
action on a photographic plate. It may 
be shown that if the beam consists of 
particles of a constant mass only, but of 
different velocities, they produce a parabola- 
shaped streak on impact with the photo¬ 
graphic plate. A beam of particles of a 
different mass produces another parabola 
in a different position from the first one. 
The mass of a particle is thus indicated by 
the position of the parabola. This method 
of determining the moss of charged atomic 
particles is called the parabola method of 
positive-ray analysis. 

Positron. The positron is the ultimate 
indivisible positive charge, or atom of 
positive electricity. It is clearly the 
positive counterpart of the electron. 

Potassium, K. At. no. 19, At. wt. 39 090. 
M.P. 02-5°, B.P. 702°, I). 0-859. Crystal 
structure—body-centred cubic, a — 5-333 a. 
Potassium is widely distributed ; in primary 
rocks ns orthoclasc felspar, K,0. AI,O a , 
OSiO, ; in plant life as the oxalate, tartrate, 
etc. ; in animal life in the blood, milk, etc. ; 
and in deposits such as those at Stassfurt. 
The principal sources of potassium com¬ 
pounds arc the Stassfurt and Mulhouse 
deposits, the New Mexico potash beds, 
Russian deposits, and the waters of the Dead 
Sea and of Scarles’ Lake in California. 
Potassium salts have also been obtained 
direct from sea water by solar evaporation. 

The metal is obtained by the electrolysis 
of fused potassium hydroxide in a cell of 
similar construction to that used for the 
preparation of sodium. The metal may 
also be obtained by heating the carbonate, 
K,CO„ with carbon to whiteness in an iron 
bottle and condensing the vapours in an 
iron condenser. Potassium prepared by 
this method is liable to contain the com¬ 
pound K,(CO) e which on exposure to moist 
air becomes very explosive. 

Potassium is a very soft, silver-white 
metal. It is stable in dry air or oxygen. 


but rapidly becomes corroded in the 
presence of moisture. It reacts violently 
with water; the hydrogen evolved burns. 
The metal exhibits a great affinity for 
oxygen, extracting it even from the oxides 
of boron and silicon. It reacts with the 
chlorides of magnesium and aluminium to 
give the metal and potassium chloride. 

Potassium shows a weak radio-activity, 
due to the isotope of mass 40. 

Potassium acetate, KCjIIsOj. A colour¬ 
less deliquescent white powder with a 
lustrous appearance. Very soluble in water. 

It occurs in the sap of many plants and 
trees. 

Potassium acid tartrate. See Potassium 
hydrogen tartrate. 

Potassium antimonyl tartrate, Tartar 
emetic, C 4 II 4 O t SbK, *H,0. Colourless 
rhombic crystals, soluble up to C % in cold 
water, more soluble in hot. It is used 
medicinally as an emetic and as a means 
of administering antimony. 

Potassium arsenates. Potassium ortho- 
arsenate, KjAs0 4 , is prepared by treating 
an aqueous solution of arsenic acid with 
excess of potassium hydroxide, and crystal¬ 
lizing. The monohydrogen salt, K a HAs0 4 , 
is obtained by adding potassium carbonate 
to aqueous arsenic acid until effervescence 
ceases and evaporating ; on heating a pyro- 
arsenate, K 4 As,O t , is obtained. Potassium 
dihydrogen orthoarsenatc, KH,As0 4 , is pre¬ 
pared by fusing together equal weights of 
arsenious oxide and potassium nitrate, and 
crystallizing the product from water. 

Potassium bicarbonate, ICHCO,. Occurs 
naturally in the mineral calcinitc. Is pre¬ 
pared by saturating solutions of potassium 
carbonate with carbon dioxide. It is less 
readily soluble than the carbonate, 27-7 g. in 

100 g. HjO at 0 °. 

Potassium bisulphate, KHS0 4 . If a solu¬ 
tion of potassium sulphate is treated with 
an equivalent amount of sulphuric acid, 
potassium hydrogen sulphate or bisulphate, 
KHS0 4 , is formed. This is deposited on 
crystallization in the anhydrous form. 

Potassium bromate, KBrO s . Formed, 
together with bromide, by dissolving bromine 
in hot concentrated caustic potash. The salts 
may be separated by fractional crystalliza¬ 
tion, the bromate being much less soluble 
than the bromide (3-01 g. in 100 g. H a O at 
0 °). On heating, the salt decomposes, with 
the liberation of oxygen and the formation 
of bromide. 

Potassium bromide, KBr. Obtained by 
neutralizing potassium hydroxide or car¬ 
bonate with hvdrobromic acid, or by 
dissolving bromine in caustic potash. 
Crystallizes in the cubic system. No 
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hydrates arc known. The salt is readily 
soluble in water (O’, 35 08 g. in 100 g. 
HjO), and in liquid ammonia, forming 
KI3r, 4NH, (M.P. - 45°). The compound 
is used to some extent in photography, and 
in medicine for its sedative action. 

Potassium carbonate, K,CO,. M.P. 000°. 
First isolated from wood ashes and origin¬ 
ally known ns mild vegetable alkali. It is 
prepared by a modification of the Leblanc 
process from potassium chloride. Potas¬ 
sium carbonate, pearl ash, is a white deli¬ 
quescent powder, which dissolves readily in 
water to give a strongly alkaline solution. 
From the system K,CO,—11,0, the hydrates 
K,CO„ 211,0 ; K,CO„ 1-5H.O ; and K,CO„ 
H,0 have been shown to exist. Solubility 
at 0° is 105 g. in 100 g. H,0. 

Potassium chlorate, KC10,. Hot lime- 
water on treatment with chlorine gives 
calcium chloride and chlorntc. The addi¬ 
tion of potassium chloride to this solution 
results in the deposition of potassium 
chlorate. It may also be obtained from 
the sodium chlorate produced by electro¬ 
lysis of sodium chloride solutions. It is 
rendily purified by recrystallization ; solu¬ 
bility at 15° is 5-739 g. in 100 g. II,O. 
On heating potassium chlorate to 510°, both 
potassium chloride and perchlorate arc 
formed ; at higher temperatures oxygen is 
evolved and potassium chloride remains. 

Potassium chloride, KCI. Occurs natur¬ 
ally as sylvinc, KCI, and in the double 
chloride, earnallitc. May be prepared 
from the elements, or from potassium 
hydroxide or carbonate by treating with 
hydrochloric acid. It is obtained com¬ 
mercially from earnallitc, which is fused, 
when potassium chloride separates, leaving 
fused magnesium chloride, MgCI„ GH,0. 
The salt is purified by crystallization. The 
crystals belong to the cubic system, and 
arc isomorphous with sodium chloride, the 
side of the unit cube being 0-276 a. Potas¬ 
sium chloride is soluble in water (it forms 
no hydrates) and in methyl, ethyl, propyl, 
and butyl alcohols. 

Potassium citrate. K,C,H s O„ H,0. 
Colourless crystals, very soluble in water, 
slightly soluble in alcohol. It is used 
medicinally as a diuretic and to render 
the urine less acid. 

Potassium cyanide, KCN. M.P. 034-5°. 
Potassium cyanide is obtained by igniting 
the ferrocyanide alone or with potassium 
carbonate. It is usually prepared by 
Bcilby’s process ; a fused mixture of potas¬ 
sium carbonate with carbon reacts with 
ammonia gas to give potassium cyanide and 
water. The fused cyanide is decanted and 
moulded, and is then sufficiently pure for 


ordinary purposes. The salt may be further 
purified by crystallization from anhydrous 
liquid ammonia. Potassium cyanide is a 
very poisonous substance; it is very 
soluble in water (71-0 g. in 100 g. II,() at 
25°), the solution being strongly hydrolysed. 
On standing the aqueous solutions slowly 
evolve hydrocyanic acid. 

Potassium dichromate, K,Cr,G,. Orange- 
red triclinic crystals, M.P. 300°. 100 parts 
of water dissolve nliout 10 parts. It is pre¬ 
pared by heating chrome iron ore with 
potassium carbonate and lime, and acidifying 
to convert the chromate to dichromnte, or 
by electrolysing |»otassium hydroxide with n 
ferrochromc anode. It is used in the pre¬ 
paration of chrome pigments, ns a bleaching 
agent, and as an oxidizing agent in many 
organic preparations. It is also used in 
volumetric analysis. 

Potassium fluoride, KF. M.P. 840°, 
D° ■■ 2-523. May be obtained directly 
from the elements, or more readily by the 
neutralization of potassium hydroxide or 
carbonate with hydrofluoric acid. The 
salt crystalliz.es in the cubic system with 
the sodium chloride structure. In addition 
to the anhydrous salt, both a dihydrate and 
n tetrahydrate are known. 

A number of acid fluorides arc known : 
KF, HF, KF.2HF, and KF.8IIF. The 
melting-point decreases with increasing 
proportion of hydrofluoric acid. The acid 
salts are used in the preparation of fluorine. 

Potassium formate, CIIO,K. Colourless 
deliquescent rhombic crystals, very soluble 
in water (3 parts in 1), less soluble in 
alcohol. It is used medicinally for its 
tonic action on muscle. 

Potassium hydrogen tartrate, Cream of 
tartar, C 4 H,0,K. Colourless rhombic 
prisms, insoluble in cold water, soluble up 
to 0 % in boiling water. It occurs in 
grape juice and is deposited as argol during 
fermentation. It is largely used as an 
ingredient of baking powders, as it reacts 
slowly with sodium bicarbonate in the 
presence of water and carbon dioxide is 
given ofT. It is also employed as a saline 
purgative. 

Potassium hydroxide, KOH. M.P. 360-4°. 
Is prepared on the large scale by the electro¬ 
lysis of potassium chloride solutions. Very 
pure hydroxide is obtained by action of 
barium hydroxide on potassium sulphate, 
or of water on potassium amalgam. Forms 
a white, translucent, fibrous solid after 
fusion. From a study of the system 
KOH—H,0 the hydrates KOH, 4H,0, 
KOH, 2H,0, and KOH, H,0 have been 
shown to exist. The aqueous solutions are 
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very strongly basic and act as strong 

el %o££Z iodate. Kio;. Formed to¬ 
gether with the iodide in the reaction 
between iodine and hot caustic potash. 
No hydrates are known, and the salt may 
be dried by heating to 100 - Severn, acid 
iodates are known, e.g. KIO„ HIO„ and 

K Potassium’iodide, KI. Most readily pre- 
pared by dissolving iodine in hot caustic 
potash, when both potassium iodide and 
iodate are formed. It may be separated 
by fractional crystallization. Potassium 
iodide is readily soluble in water (5618 g. 
of KI in 100 g. H.o at 0"), alcohol, acetone, 
pyridine, acetonitrile, etc. It crystallizes in 
the cubic system with the sodium chloride 
structure. It is nlso soluble in liquid 
ammonia (compounds KI.ONH, and KI, 
4 NH. are known), and in liquid sulphur 
dioxide, when the compounds KI.14SO, and 
KI 4SO, arc formed. Aqueous solutions of 
potassium iodide dissolve iodine with the 
formation of unstable polyiodidcs.perhaps 
KI and KI,. It is used medicinally in the 
treatment of goitre, syphilis, rheumatism, 
arteriosclerosis, and other diseases. 

Potassium nitrate, KNO,. Usually pre¬ 
pared by double decomposition, and subse¬ 
quent fractional crystallization of sodium 
nitrate and potassium chloride. Potassium 
nitrate is soluble in water (13-43 g. in 100 g. 
11,0 at 0-4°), hydrofluoric acid, liquid 
ammonia, and methyl alcohol. 

Potassium oxalate, C,0 4 K„ H,0. Colour¬ 
less monoclinic prisms or pyramids, soluble 
in water (1 in 3). The acid salt, C,0 4 IIK, 
potassium binoxalatc, occurs cither an¬ 
hydrous in monoclinic prisms, or in triclinic 
crystals with one molecule of water of 
crystallization. It is less soluble in water 
(1 in 0 at 60°) and is unstable in solution 
below 50°, decomposing to give potassium 
quadroxalatc or tetroxalate, 

C,0 4 HK, C,0 4 H„ 2H t O, 

which forms triclinic crystals slightly 
soluble in cold water (1 in 30) more soluble 
in hot. Potassium tetroxalate is used 
under the names of 41 salts of sorrel ’* and 
“ salts of lemon " for removing inkstains 
and iron mould. The potassium oxalates 
can all be prepared by neutralizing oxalic 
acid with potassium hydroxide or carbonate 
in the requisite proportions and crystallizing. 

Potassium oxides. Potassium monoxide, 
K,0. Difficult to obtain pure, it is said to 
be formed by the reduction of the dioxide 
with hydrogen, or by heating potassium 
nitrate or nitrite with the theoretical 
quantity of potassium in vacuo. It reacts 


violently with water, with the formation of 
the hydroxide, and with liquid ammonia, 
with the formation of the hydroxide and 
the compound KNH,. Potassium dioxide, 
KO t . A stable oxide of potassium, pro¬ 
duced by burning the metal in excess of 
oxygen. It is a yellow, very hygroscopic 
powder, melting at about 400°, rccrystalliz- 
ing on cooling in yellow plates. On strongly 
heating it evolves oxygen and gives the 
monoxide. Reacts readily with water with 
the formation of hydroxide, hydrogen per¬ 
oxide. and free oxygen. 

Potassium perchlorate, KC10 4 . Readily 
prepared by neutralizing perchloric acid 
with caustic potash, or by heating potas¬ 
sium chlorate to 510° in a platinum or 
silica dish. Solubility at 0° C. is 0 75 g. 
per 100 g. 11,0. It is still less soluble in 
aqueous ethyl alcohol, and is used in the 
separation of potassium from sodium in 
gravimetric determinations of the former. 

It is obtained commercially by reacting 
concentrated sodium perchlorate solution 
(made clcctrolytically) with potassium 
chloride solution. 

Potassium periodate, KIO,. Prepared by 
the oxidation of a potassium iodate solu¬ 
tion with chlorine. The salt is not very 
soluble in water (0-51 g. in 100 g. 11,0 
at 25°). Two other periodates are known, 
K.I,0„ 0H,O and K,I a O„ and were iso¬ 
lated from the system KIO,—KOI!—11,0. 

Potassium permanganate, KMn0 4 . See Per¬ 
manganates and Permanganate titrations. 

Potassium persulphate, K,S,O s . Obtained 
by double decomposition between am¬ 
monium persulphate and potassium car¬ 
bonate, or by the direct electrolysis of 
potassium sulphate solutions. Aqueous 
solutions of the salt slowly evolve oxygen 
with the formation of potassium bisulphate. 
The aqueous solution gives the ions 2K+ 
and SjOb*. 

Potassium polysulphides. From the 
system K,S—S it appears that the sulphides 
K,S„ K,S„ K,S 4 , K,S„ and KA exist. 
From aqueous alcoholic solutions of Iv,S 
and S the following compounds have been 
isolated : K,S„ 311,0 ; K,S, ; K,S 4 , 311,0 ; 
and K,S„ H,0. The compounds are all 
hygroscopic and readily oxidized in the air. 
Aqueous solutions deposit sulphur and 
evolve hydrogen sulphide on the addition 
of dilute acid. 

Potassium sulphate, K 8 S0 4 . Does not 
occur free in nature, but in combination 
with sodium sulphate in glaseritc, 

3K,S0 4 , Na 2 S0 4 ; 

with magnesium sulphate in schdnite, 
K,S0 4 , MgSQ 4 , 4H a O ; and with calcium 
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sulphate in syngenite, K 2 S0 4 , CaSO., H 2 0. 
The salt is usually prepared from schonitc 
by the addition of potassium chloride and 
subsequent fractional crystallization. The 
sulphate is the first to be deposited (solu¬ 
bility 10-3 g. in 100 g. H,0 at 15°). 

May be prepared by neutralizing caustic 
potash or potassium carbonate with dilute 
sulphuric acid. Anhydrous rhombic prisms 
are deposited after evaporation. 

From the system H,S0 4 —K*S0 4 the 
following acid salts have been shown to 
exist: K^O., 3II 2 S0 4 ; K 2 S0 4 , H 2 S0 4 ; 
and 4 KjS0 4 , 3H 2 S0 4 . The system 

II 2 S0 4 —k,so 4 —h,o 

gives rise to many compounds of which 
K 2 S0 4 , KHS0 4 ; K 2 S0 4 , CKIIS0 4 , 11,0; 
and K11S 2 O t are worthy of mention. 

Potassium sulphide, K 2 S. The anhydrous 
compound is formed by the action of 
sulphur vapour on potassium in vacuum at 
200 o -300°. The product is a white powder. 
It is also obtained by passing hydrogen 
over the heated sulphate. If a solution of 
caustic potash is saturated with hydrogen 
sulphide and evaporated, crystals of the 
hydrosulphide 21C11S, H,0 ore deposited. 
Solutions of the hydrosulphidc on treatment 
with on equivalent volume of caustic 
potash solution, on evaporation, yield 
crystals of the monosulphide, K,S, 511,0. 
Several other hydrates, e.g. K,S, 211,0, and 
K,S, 1211,0, arc known. 

Aqueous solutions of the sulphide arc 
partly hydrolysed, and slowly lose hydrogen 
sulphide on standing. 

Potassium sulphite, K,SO,. The anhy¬ 
drous salt is obtained, in fine crystals, by 
the saturation of concentrated caustic 
potash with sulphur dioxide, and the addi¬ 
tion of a further quantity of caustic potash, 
in an inert atmosphere, followed by their 
rapid drying in a vacuum desiccator. 

On saturating a solution of caustic potash 
(33 g. in 100 g. H,0) with sulphur dioxide 
at 100 °, and cooling to 20°, crystals of 
potassium pyrosulphite, K,S,0„ are de¬ 
posited. 

Potassium tartrate, C 4 H 4 0 4 K„ *H,0. 
Colourless monoclinic crystals, very soluble 
in cold water. It has a purgative action. 

Potentiometric titration. A titration in 
which the end-point is determined by 
observing the changes in potential of a 
suitable indicating electrode. 

Potter’s clay, a term used for any clay or 
earth which can be used for making pottery, 
cither alone or after udmixture with non¬ 
plastic materials, though the term is usually 
restricted to the clays used for fine pottery. 
The composition varies greatly, and is 


usually of minor importance ; the essential 
properties arc sufficient plasticity to enable 
the desired articles to be shaped readily 
and sufficient refractoriness to enable the 
pottery to be burned in a potter's oven or 
kiln. Other properties, such ns smoothness 
of working during the shaping, the colour 
of the finished ware, brittleness, porosity of 
the ware, etc., arc also important in some 
instances. The red colour of terra-cotta 
flowerpots and some other pottery is due 
to iron coin|>ounds (probably nontronite) in 
the clay; these decompose on heating and 
liberate ferric oxide or complexes rich in 
ferric oxide which arc red in colour. Other 
colours are produced by firing the kiln or 
oven under reducing conditions, or by adding 
coloured oxides to the clay. 

Povim&l. A brand of polyvinyl plastic. 

Powdered rubber. Rubber in powder 
form can be produced by various processes, 
the more important being (1) The dc 
Schcpper process in which latex is sprayed 
on to a heated revolving steel band, zinc 
stearate being added to the powder to 
prevent agglomeration. (2) The Stam 
process in which latex containing a protec¬ 
tive material, such as zinc ammonium 
phosphate, is sprayed into a heated atmo¬ 
sphere. (3) The nitrite process in which up 
to 50 % of sodium nitrite is added to the 
latex before coagulation with acid, and 
the coagulum is broken up in a revolving 
sieve, and (4) The process of the Research 
Association of British Rubber Manufac¬ 
turers, in which an aqueous alkali solution 
is applied to the rubber during grinding on 
an ordinary mill, and the powder produced 
is dusted with zinc, aluminium, or calcium 
stearate and ground to a fine crumb. The 
powder can be mixed directly with com¬ 
pounding ingredients and used as a moulding 
powder. Powdered rubber is particularly 
adapted for the manufacture of chemical 
transformation products of rubber (see 
Rubber conversion products), and has been 
used experimentally in road-surfacing com¬ 
positions. The material is comparatively 
new, and has not yet attained any great 
commercial interest. 

Power methylated spirit. See Methyl¬ 
ated spirit. 

Power vaporizing oil. A petroleum fuel 
intermediate between gasoline and kerosene, 
having a boiling range of the order of 
115° to 106°. 

Praseodymium, Pr. At. no. 59, At. wt. 
140*92. One of the most abundant of the 
rare-earth elements. For its occurrence 
see Rare earths. It is a yellow metal, 
d 6 475, M.P. 940°, which is strongly para¬ 
magnetic. It is stable in air. It may be 
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prepared by electrolysis of the fused chloride, 
or by reduction of the oxide with mag¬ 
nesium. Praseodymium is a reactive 
metal which combines when heated with 
oxygen, nitrogen, or hydrogen. Its salts, 
derived from the oxide Pr,0„ are pale 
green in colour. 

Prroseodymium compounds. Praseo¬ 
dymium forms two oxides. The sesqu 1 - 
oxide , PrjOj, is a yellowish-green powder 
which is formed by reducing the dioxide in 
hydrogen. The dioxide, PrO„ is a black 
solid which is formed by heating the nitrate 
to 440®. Ignition of the hydroxide, car¬ 
bonate, oxalate, etc., gives brown products 
which are intermediate between these two 
oxides. The oxide, PrO„ is believed to be 
an oxide of tetravalent praseodymium 
rather than a peroxide, although it has 
oxidizing properties. Numerous salts have 
been described. The anhydrous chloride is 
a green hygroscopic solid, which may be 
obtained as the hepta-, hexa- and tri¬ 
hydrates. The sulphate forms monoclinic 
crystals of an octahydratc or a penta- 
hydrate. Praseodymium nitrate, 

Pr(NOj),, GH,0, 

forms large green needles. The nitride, 
PrN, is a black powder which is formed 
when the metal is strongly heated in 
nitrogen. It reacts with water with pro¬ 
duction of ammonia. When heated in 
hydrogen, praseodymium forms an inter¬ 
stitial compound, the constitution of which 
is intermediate between PrH, and PrH,. 
The oxalate and carbonate of praseodymium 
arc green, microcrystalline powders. Solu¬ 
tions of salts of the metal exhibit character¬ 
istic absorption bands with maxima at 
AA 5008, 5805, 4812, 4603, and 4447 a. 

Pratt, James Davidson (1801- ). Born 

at Drumoak, Aberdeenshire, Pratt was 
educated in science at Aberdeen University. 
In 1023 he was appointed Controller of the 
Chemical Warfare Research Department, 
War OITice, and in 1028 became General 
Manager of the Association of British 
Chemical Manufacturers. In 1019 he was 
awarded the O.B.E. 

Precipitation interval. See Indicators, 
Turbidity. 

Precipitation-point. See Indicators, Tur¬ 
bidity. 

Pregl, Fritz (1869-1930). Born at Laibach, 
Pregl studied at Graz, Tubingen, Leipzig, 
and Berlin. In 1905 he became extra¬ 
ordinary professor of physiological chem¬ 
istry at Graz, and in 1910 went to Inns¬ 
bruck as ordinary professor of applied 
medical chemistry. In 1913 he returned 


to Graz in a similar capacity and remained 
there to the end of his career. His intro¬ 
duction of microchemical methods revolu¬ 
tionized analytical chemistry and gained 
him the Nobel Prize in Chemistry in 1023. 

Pregnandiol, C f |II M O a . 


CH, 


i 
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CH,CH,1h 
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Crystallizes in plates from alcohol, M.P. 
234°-233°, sparingly soluble in organic 
solvents. A substance with no physio¬ 
logical activity, accompanying cestrone in 
pregnancy urine. It is probably formed by 
the reduction of progesterone. 

Premier mill. See under Colloid mills. 

Prescott, Albert Benjamin (1832-1005). 
Prescott was born at Hastings, New York, 
and educated at the University of Michigan, 
where he became assistant professor of 
chemistry in 1805. In 1870 he bccume 
professor of organic and applied chemistry 
and pharmacy, in 1870 Dean of the School 
of Pharmacy, and in 1884 Director of the 
Chemical Laboratories. His chief investi¬ 
gations dealt with methods of analysis for 
alkaloids, and he was President of the 
American Chemical Society in 1886. 

Pressure distillate. Product of a cracking 
process which on distillation and refining 
yields a cracked gasoline. 

Priestley, Joseph. The son of poor 
parents, he was born in 1733 and elected 
to the Royal Society in 1706. He became 
a Unitarian minister in Leeds, and invented 
soda-water. Appointed librarian to Lord 
Shelburne in 1772 and remained with him 
for seven years engaged in the study of 
various gases. He was the first to prepare 
sulphur dioxide, ammonia gas, and nitrous 
oxide. Discovered oxygen in 1774 and 
published an account of it, not knowing 
that Schccle had discovered it about two 
years earlier. Emigrated to America and 
died there in 1804. See Thorpe's “ Essays.’* 

Primary clay, a clay produced by the 
direct decomposition of rocks and remaining 
in situ, as distinct from secondary clays 
which have been transported to another 
site. Primary clays arc chiefly composed 
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of kaolin (china clay) or montmorillonitc 
and similar minerals, and arc not very 
plastic. The particles arc usually (but not 
always) coarser than those of secondary 
clays. Primary clays arc usually associ¬ 
ated with other minerals formed from the 
same rocks as the clay, and can be separated 
by washing. Primary clays are chiclly used 
in the manufacture of porcelain (china ware), 
and as inert fillers in the pajier, textile, 
paint, and chemical industries. 

Primeverose, C u H M 0| t , is a disaccharidc, 
glucose-G-/?-D-xyloside, only found as a 
constituent of the glycosides gaultherin, 
rhamnicosin, primeverin, genticaulin, etc. 
The crystals melt at 208°, [ot] D — 3-4°. 

Primuline, 



much less toxic than cocaine which it has 
very largely replaced. 

Procaine borate (C la H n O,N,),, 5B,0„ 
111 , 0 , is employed ns a local anicsthctic 
for eye o|K*rations and dental extractions. 
Owing to its weak alkaline reaction its 
injection does not cause pain or irritation 
and it is said to be more active than the 
hydrochloride. 

Producer gas or Air gas is a mixture of 
carbon monoxide uud nitrogen used for 
industrial heating purposes ; it is prepared 
by passing air through a bed of incandescent 
coke in a “ producer,” or closed furnace, 
in which the coke rests on suitable 11 re-bars. 
To secure maximum cllicicncy the producer 
gas should Ik- burnt while still hot from the 
producer ; if it is allowed to cool before use 
about 30 % of the available heat is lost. 

Proflavine is 2 : H-diamino-acridinc sul¬ 
phate, C,,II,,N, • II t SO t . 


Primuline base is a mixture of the dithio- 
base shown above and a trithio-base formed 
by condensation of one more molecule of 
p-toluidinc and sulphur. 

It is prepared as a 40 % constituent of the 
mixture of bases obtained by heating 2 
mols. of p-toluidinc with 4 atoms of sulphur. 
The mixture as thus prepared also contains 
50 % of dehydrothiotoluidine ( q.v .). 

Primuline is used as a first component in 
azo-dyes. The dyes thus produced arc 
direct cotton colours. It can also be sul- 
phonated. The properties of primuline and 
dehydrothiotoluidine are very similar. The 
crude mixture of bases is usually used 
without special separation. 

The sulphonated compound has itself 
direct affinity for the fibre. If it is dyed 
thus it can be diazotized on the fibre and 
coupled in situ with a secondary component. 
The “ Ingrained dyeing ” thus produced has 
improved fastness properties over the direct 
dved material. 

Procaine, ethocaine, diethylaminoethyl- 
p-aminobenzoate, CuH^OjN,. 

Nil, • C,H 4 • COOCjII 4 N(C,H $ ), 

Crystallizes in colourless needles with two 
molecules of water from aqueous alcohol. 
M.P. 51° (61° anhydrous). Sparingly solu¬ 
ble in water. Its hydrochloride has M.P. 
153°-156° and is very soluble in water. 
It is prepared by the action of diethyl- 
aminocthyl chloride on sodium p-amino- 
benzoate. The hydrochloride is a power¬ 
ful local anaesthetic, particularly when used 
in conjunction with adrenaline. It is 


CH 



+ H,S0 4 


Orange-red crystals, soluble in 300 parts 
of water and 48 parts of alcohol. It is 
used in dilute aqueous solution as an 
antiseptic for wounds, and as a lotion for 
gonorrhcca. Its properties resemble those 
of the similar compound acrijlavinc. 

Progesterone, Progestin, C,|H N O t . 

c», 

co 

CH, CH^J.H^ 


CH, CH, 
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CH, 
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Colourless crystals, existing in two forms 
with equal physiological activity, (a) prisms 
from ether, M.P. 128-5°, (0) needles from 
petroleum ether, M.P. 12lM22°. Soluble 
in organic solvents, sparingly soluble in 
water, [x] D + 192°. Progesterone is the 
hormone of the corpus luteum. It governs 
the growth and development of the uterus 
during pregnancy. 

Prolactin. One of the hormones obtained 
from the anterior lobe of the pituitary 
gland, the presence of which is necessary 
for the secretion of milk. 
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Prolamines. A class of proteins, formerly 
called gliadins, found in the seeds of cereals. 
They resemble the glulelins in being insoluble 
in water and absolute alcohol but differ in 
being soluble in 70 % •l c ®h° l - They arc 
soluble in dilute acids and alkalis. Typical 
clutelins are gliadin from wheat, hordcin 
from barley, and zein from maize. See 
“The Vegetable Proteins,” by Osborne. 

Prolan. A trade name for an extract 
from the urine of pregnant women that has 
stimulating effect on the development of 
the gonads. It is believed to be a mixture 
of two hormones : Prolan A, which stimu¬ 
lates growth of the Graafian follicles, and 
Prolan B, which causes luteimzation of the 
cells It has been suggested that it is pro¬ 
duced by the anterior lobe of the pituitary 
gland, but this is doubted by many workers. 
A hormone with very similar properties is 
certainly secreted by the pituitary. It can 
be detected and estimated by the changes it 
produces in the ovaries of rats or rabbits. 
The detection of prolan in the urine is the 
surest method of diagnosing early pregnancy. 

Proline, a-Pyrrolidinecarboxylic acid, 
C,H,O t N. Crystallizes 
in flat needles, M.P. 

220°-222°. Soluble in 
water and alcohol. The 
naturally occurring pro¬ 
duct is licvorotatory, 

[a]„ _ 77-4°. While 

not strictly an amino-acid, it is commonly 
included in the list of those obtained by 
the hydrolysis of proteins. Sec " The Bio¬ 
chemistry of the Amino-Acids,” by Mitchell 
and Hamilton. 

Prolysine. An amino-acid obtained from 
protein hydrolysates, M.P. 222°, with de¬ 
composition, and believed to be a-amino- 
S-hydantoinvaleric acid, C,H l3 0 4 N,. 

CH,—N—CH,. CH,. CH,. CII. COOH 

NH. 


CH,—CH, 

Jh. Jh.COOH 


Jo 


to —NH 


Prometal. A variety of cast iron specially 
suitable for the construction of furnace 
parts. 

Prontosil, prontosil rubrum. A trade 
name for sulphamidochrysoidin, 4-sul- 
phonamido-2 : 4-diaminoazobenzene, 
C.sHmO.N.S. 

H,<-y N : N-/~\sO J NH J 

It is a red crystalline powder, almost in¬ 
soluble in water, moderately soluble in 
alcohol. Prontosil was the first of the 


sulphonamidcs to be used medically, and 
has since been superseded by more effective 
compounds. It is inactive in vitro and 
owes its activity in the body to being 
broken down to sulphanilamide. 

Proof spirit is the legal standard used in 
assessing the strength of alcoholic liquors 
for Excise purposes. It is defined as a 
solution of ethyl alcohol in water such as 
shall, at 51° F., weigh exactly 12/13 of an 
equal volume of distilled water at 51° F. 
This corresponds to an alcoholic solution 
containing 49-28 % u»/u» or 57-10 % v}v 
at GO’ F. and has a specific gravity of 
0-91970 at 15-6° C. Other strengths are 
described as so many degrees over- or under¬ 
proof. Thus 100 volumes of a spirit of 20° 
over-proof when diluted with 20 volumes 
of water would give a spirit of proof 
strength; similarly 100 volumes of a 
spirit 20° under-proof contains 80 volumes 
of spirit of proof strength. Temperature 
is deemed to have no effect upon proof 
strength. 

Propane, C,H„ CH,CH,CII„ is a colour¬ 
less inflammable gas with a peculiar odour. 
It occurs in the natural gas from petroleum. 
Also obtuined by reduction of propylene. 
Has general properties of the paraffins. 
Used as a refrigerant. 

Propene. Sec Propylene. 

Propionic acid, C,H.O„ CH J CH,COOII, 

is a colourless liquid with an odour re¬ 
sembling that of acetic acid. M.P. 24°, 
B.P. 140-7*. Miscible with water and 
alcohol. Occurs in the products of the 
distillation of wood. Prepared by the 
oxidation of propyl ulcohol or by the 
reduction of acrylic acid. 

n-Propyl alcohol, w-Propanol, CjII B 0, 

CH,CH,CH,01I. is a colourless liquid 
with a pleasant odour. D J ® 0 8035, B.P. 
97-4°. Miscible with water, alcohol, ether, 
and acetone. It occurs in fusel oil and is 
separated by distillation. Also obtained 
by the hydrogenation of propylene oxide. 
Oxidized to propaldchyde and propionic 
acid. Forms propylene when heated with 
sulphuric acid. Reacts with iodine and 
potassium hydroxide to give iodoform. 
Used as a solvent and for the preparation 
of esters. 

Propylene, Propene, C S II 6 , CH,CH = CTI„ 
is a colourless gas. Occurs in the gases 
from the cracking of petroleum. Prepared 
by passing the vapour of isopropyl alcohol 
over heated alumina. Reacts with sul¬ 
phuric acid to give isopropyl ether and 
isopropyl alcohol; with halogens to give 
propylene dihalidcs; with dilute chlorine 
water to give propylene chlorohydrin, 
and with hydrogen in presence of catalysts 
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to give propane. Usc«l in the manufacture 
of these compounds and others derived 
from them. 

Propylene chlorohydrins. C,Il,OCI, arc 
colourless liquids. Both of the chloro¬ 
hydrins arc formed by the action of dilute 
solutions of hypochlorous acid on propylene ; 
or by the action of hydrochloric acid on 
propylene oxide. The product contains 
about 90 % oc-chlorohvdrin and 10 % 
0-chlorohydrin. a-Propylene chlorohydrin, 
1 -chloro-2-hydroxypropane, chloroisopro- 
CH.CI 

pyl alcohol, )C1I0H. I)« Mil, B.P. 

CH/ 

127°. Miscible with water; forms constant- 
boiling mixture (B.P. 90 4°) containing 40 % 
chlorohydrin. Used in organic syntheses. 
0-Propylene chlorohydrin, 2-chloropropyl 
alcohol, CH,CI1C1CH S 0H. I)*® 1103, B.P. 
134°. Both of these chlorohydrins arc 
converted to propylene glycol by heating 
with solutions of sodium bicarbonate ; when 
heated with solid sodium hydroxide they 
give propylene oxide. 

Propylene dichloride, 1 :2-Dichloropro- 
pane, CII,CHC1CH,CI, is a colourless liquid 
with a pleasant odour. 1)’® 1159, B.P. 90*. 
Almost insoluble in water; miscible with 
alcohol, benzene, and petroleum ether. 
Manufactured by treating liquid chlorine 
with an excess of liquid propylene. It is 
very similar in proj>crtics to ethylene 
dichloride, and is used for similar purposes. 

Propylene glycol, 1 : 2-Dihydroxypropane, 
CHjCHOH • CH t OII, is a colourless, almost 
odourless liquid. It has a sweet taste, but 
is more acrid than ethylene glycol. DJ® 
1 038, B.P. 187-4°. Miscible with water and 
alcohol; only slightly soluble in benzene. 
Manufactured by heating propylene chloro¬ 
hydrin with a solution of sodium bicarbonate 
under pressure. It closely resembles ethy¬ 
lene glycol in its properties, but is less toxic. 
Forms mono- and di-esters and ethers. Used 
as an anti-freeze and in the preparation of 
perfumes and flavouring extracts. 

Propylene oxide, CH,CH • CH„ is a 

\/ 

O 

colourless liquid. DJ® 0-8313, B.P. 34°. 
Soluble in water to 33 % by weight; 
miscible with alcohol and benzene. Manu¬ 
factured by heating propylene chloro¬ 
hydrin with solid sodium hydroxide or 
quick-lime. It reacts with water containing 
sulphuric acid to give propylene glycol; and 
with alcohols and phenols to give ethers. 
It resembles ethylene oxide in properties, 
but is somewhat less reactive. Used in 
chemical syntheses and as a solvent for 
nitrocellulose. 


Propyl radical. The univalent group 
—CjH 7 , which occurs in two isomeric 
forms: normal-propyl or Pr«, which is 
CH, - CH, • CH,—, and iso-propyl, or Pr/*, 
which is (CHj)jCH—. The former has been 
prepared in the free state by the photolysis 
of di-n-propyl ketone. It is less stable 
thermally than methyl or ethyl. 

Prosthetic group. _ The non-protein group 
of a conjugated protein. See Enzymes. 

Protalbic acid. Sec Protective colloid. 

Protamines. A class of proteins present 
only in the nuclear material of flsh, and 
obtained most easily from fish testicles. 
They are the simplest of the proteins, nnd 
are basic, forming stable salts with acids. 
They contain a higher percentage of nitrogen 
than most proteins, and on hydrolysis they 
give chiefly the basic amino-acids, arginine, 
histidine, and lysine. Typical protamines 
are salmine, obtained from the salmon, 
tturine from the sturgeon, and clupeine 
from the herring. See “The Protamines 
and Histones," by Kosscl. 

Protargol. A trade name for silver 
protein ate. 

Protective colloid. Hydrophilic colloids, 
such ns gelatine, which arc themselves 
unaffected by small concentrations of 
electrolytes owing to hydration, arc able, 
when added in very small quantities to 
hydrophobic sols, to protect the latter 
from the coagulating influence of electro¬ 
lytes. They arc therefore termed protective 
colloids. 

All the hydrophilic colloids possess some 
degree of protective action and gelatine, 
starch, and casein arc used commercially 
for this purpose. Interesting examples are 
protalbic and lysalbic acids, albumin de¬ 
composition products which are such power¬ 
ful protective colloids that their presence 
enables hydrophobic sols of metals to be 
evaporated to dryness and the residual 
solid redispersed by mere addition of water. 
Silica gel, although strongly hydrated, has 
no protective action. See also Colloid, 
Hydrophilic, Hydrophobic, “ Salting out," 
Gold number. 

Proteins. The proteins are the chief 
nitrogenous constituents of plants and 
animals ; they are essential constituents of 
every living cell. They contain about 50 
per cent, of carbon, about 25 per cent, of 
oxygen, about 15 per cent, of nitrogen, 
about 7 per cent, of hydrogen. Most pro¬ 
teins also contain phosphorus and sulphur. 
They are mostly soluble in water, forming 
colloidal solutions. Only a few proteins 
have been obtained crystalline. They are 
optically active. They are precipitated by 
salts of the heavy metals, and by the alka- 
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loidal reagents, compounds containing com¬ 
plex anions such as phosphotungstic acid 
and tannic acid. They are also precipi¬ 
tated by alcohol and by strong solutions of 
salts. On hydrolysis they break down to 
a mixture of about twenty amino-acids. 
They give certain colour reactions which 
arc caused by the presence of specific 
amino-acids in the molecule. With strong 
nitric acid a yellow colour is given, which 
turns orange on the addition of ammonia 
(Xanthoproteic reaction). A red colour is 
given by the addition of a mercuric salt 
and a nitrite (Millon’s reaction). A purple 
colour is given by the addition of formalde¬ 
hyde, mercuric sulphate, and sulphuric acid. 
Proteins also give the biuret reaction, a violet 
colour being given by copper sulphate in the 
presence of sodium hydroxide. 

The proteins can be classified as follows :— 
Simple proteins: 

Protamines. Strongly basic, soluble pro¬ 
teins present in the nuclear material of 
fish. 

Histones. Resembling the protamines, 
but less basic. Found in the nuclear 
material of all animals. 

Albumins. Soluble proteins which are 
coagulated by heat. Found in all living 
tissues. 

Globulins. Resembling the albumins in 
being coagulated by heat, but insoluble in 
water. Also found in all living tissues. 

Glutelins. Insoluble in water and alcohol, 
soluble in acids and ulkalis. Found in the 
seeds of cereals. 

Prolumines. Also found in the seeds of 
cereals but differing from the glutelins in 
being soluble in 70 per cent, alcohol. 

Scleroproteins. Insoluble proteins ob¬ 
tained from the skeletal and connective 
tissues of animals, hair, horn, etc. 
Conjugated proteins : 

Phosphoproteins. Contain phosphoric 
acid as part of the protein molecule. 

Chromoprotdns. Compounds of proteins 
with heem or some similar substance, and 
acting as respiratory pigments. 

Glucoproteins. Compounds of proteins 
with carbohydrate groups, giving very 
viscous solutions. 

Nucleoproleins. Compounds of proteins 
with nucleic acid, found in all nuclear 
material. 

Derived proteins, protein breakdown 
products: 

Metaproteins. Insoluble substances 
formed by the action of acids and alkalis 
on proteins at moderate temperatures. 

Proteoses. Soluble substances, simpler 
than the metaproteins, formed by the action 
of enzymes on proteins. 


Peptones. Substances of low molecular 
weight that can diffuse through parchment 
membranes. Soluble in water and all 
concentrations of salt solutions. 

Peptides. Definitely characterized com¬ 
binations of two or more amino-acids. 

The problem of the structure of proteins 
is one on which much work has been done, 
particularly of recent years, but which is 
only beginning to be solved. Proteins are 
highly polymerized substances consisting 
chiefly of amino-acid residues joined to¬ 
gether by the peptide link —CO—NH— 
into chains 

?■ 

Nco^ch^Nih/K 

R. 

where R, and R, are amino-acid residues. 
Two chains may be linked to each other 
thus— 
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In addition, there will be linkages to 
adjacent chains through the amino-acid 
residues. Astbury, by X-ray 
measurements, has shown 
that keratin, the protein 
of hair and wool, has the 
above structure when it 
has been stretched in steam, 
whereas normally the chain 
is folded as shown herewith. 

Protein fibres consist of 
bundles of these straight 
or folded chains. Most 
proteins, however, have 
globular molecules and not 
fibrous ones. VVrinch has 
investigated protein struc¬ 
ture mathematically, and 
has pointed out that closed 
chains can also be folded 
into hexagonal loops, the 
simplest closed system be¬ 
ing the diketopiperazine ring shown below. 
Substituted diketopiper- 
azines have frequently 
been obtained by the 
hydrolysis of proteins. 

Globular proteins may 
therefore be built up of 
the following type of unit and similar, more 
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complicated units. These units lie in one 
plane with all the amino-acid residues on one 
side of the plane, so that many proteins may 
have a common pattern on one side. 


R—CH 

/h 


CO-NH 

<5h • r \h R 


N -C OH 

^OH \- CH • R 

\-<^OH \o 

(5h-R R^H-NH 


The molecular weights of proteins have 
only recently begun to be determined, and 
widely different values are obtained for 
the same protein by different methods. 
They can be calculated from analytical 
data, but this only gives n minimum value, 
and the molecular weights as determined 
by physical methods arc very much higher. 
The most satisfactory method is the ultra- 
centrifuge method developed by Svedberg, 
in which the sedimentation rates of proteins 
arc observed while suspensions of them are 
rotated at great speed. The molecular 
weights can be calculated from the sedi¬ 
mentation rates. The molecular weights 
arc mostly roughly multiples of 17,000, and 
fall into the series 17,000 x n, where n = 2, 
4, 8, 10, 32, 48, 00, etc. 

Animals cannot synthesize proteins unless 
supplied with proteins in the food. The 
food proteins are first acted on by the 
enzyme pepsin of the gastric juice and then 
by trypsin and erepsin in the intestine, and 
are broken down first to peptones and 
finally to amino-acids. These are absorbed 
into the blood and then recombined to form 
the proteins of the body. 

The chemistry und metabolism of the 
proteins are described in all biochemical 
textbooks. The render is particularly re¬ 
ferred to Jordan Lloyd’s “ Chemistry of the 
Proteins.” Recent work is reviewed in the 
Annual Review of Biochemistry. The modern 
views on protein structure are summarized 
in an essay by Jordan Lloyd in “ Perspec¬ 
tives in Biochemistry,” by Needham and 
Green, and an account of the ultra-centri¬ 
fuge and its use in determining molecular 
weights of proteins will be found in an 
article by Svedberg in Nature, 1937, 139, 
p. 1051. 

Proteolysis. The breakdown of proteins 
in body tissues. 

Proteoses, Albumoses. Degradation pro¬ 
ducts of proteins, less complex than the 
metaproteins and derived from proteins by 
enzyme action. They are soluble in water, 


dilute acids and alkalis, and dilute salt 
solutions. They are precipitated by half- 
saturation with ammonium sulphate. 

Prothrombin. See Thrombin. 

Protoactinium, Pa. At. no. 91, At. wt. 
231. A radioactive element of the actin¬ 
ium series, of half-life period of about 
3 X 10* years. It decomposes with emis¬ 
sion of a-particles and the formation of 
actinium. Protoactinium is considered to 
arise from the disintegration of * S1 U (which 
is derived from ,J, IJ by way of ***U, :3 *N’p, 
and ”*Pu by a-decay), by the consecutive 
loss of an a-particlc and a /J-particlc. The 
link between the uranium and actinium 
series is thus demonstrated. Radium 
minerals contain about 8 g. of proto¬ 
actinium per 10 g. of radium, and the element 
has been extracted in smnll quantities 
from Jouchimsthal radium residues, and 
examined chemically. Protoaetinium oxide, 
Pa,0 4 , is basic, and is converted by car¬ 
bonyl chloride at 550° to the chloride 
PaCI 4 , which forms volatile colourless 
needles. The complex fluoride K,PuF T 
has been prepared by dissolving the oxide 
in hydrofluoric acid and adding potussiuin 
fluoride. The metal is stublc in air. Its 
atomic weight has been determined from 
the gravimetric ratio K,PaF, : Pa,0 4 . 

Protocatechuic acid, 3-4 dihydroxy benzoic 
acid, C 7 II,0 4 . Crystallizes in 

needles with one molecule of COOII 

water, M.P. 199°. Soluble in /\ 

alcohol, moderately soluble in 

water. It occurs in the free l JOII 
state in the onion and other Q|| 
plants ; is a constituent of one 
group of tannins, and is a product of the 
alkaline decomposition of resins. 

Proton. The proton, which is identical 
with the nucleus of nn ordinary hydrogen 
atom, is one of the units from which all 
forms of matter arc built up. It is an 
atomic unit of mass, and carries one unit 
of positive charge equivalent to the negative 
charge on the electron. The proton is 1840 
times as heavy as an electron. 

Protones. Intermediate products of acid 
hydrolysis of the protamines. They give 
most of the characteristic protamine pre¬ 
cipitation reactions, but the precipitates 
formed are more soluble. They give a very 
strong biuret reaction. 

Protoporphyrin. Sec Porphyrins. 

Proust, Joseph Louis (1754-1826), a 
French chemist, was professor in Madrid 
from 1789 to 1809. In 1799 he announced 
the law of constant proportions. He 
isolated mannitol and urea. The notion of 
constant and reciprocal proportions became 
obvious about the period between 1780 and 
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1795, and several men, including Richter, 
Kirwan, Higgins, and Fischer, helped to 
establish it. 

Prout, William (1785-1850). Born at 
Horton, Gloucestershire, Prout graduated 
in medicine at Edinburgh in 1811. For a 
time he was physician and lecturer in 
chemistry at London. He investigated 
various chemical problems, and found that 
the acid contents of the stomach contain 
hydrochloric acid which could be separated 
by distillation. He regarded hydrogen as 
the protyl or prinux materia of the ancients. 

Proximate analysis of coal. The utility 
of a coal, from an industrial point of view, 
may be assessed by subjecting it to a series 
of arbitrary tests under conditions specified 
in the B.S.I. publication on the “ Sampling 
and Analysis of Coal and Coke,” No. 735, 
1937. Figures for the following are deter¬ 
mined: (a) moisture content, ( 6 ) volatile 
matter, (c) ash, (d) fixed carbon. Besides 
these, values of the calorific value, sulphur 
content and agglutinating value arc usually 
required. 

Prussian blue is a generic term for the 
intensely blue compounds which result from 
the interaction of ferric salts with potassium 
fcrrocyanidc. When the ferrocyanidc is in 
excess the precipitate contains potassium, 
and on washing free of salts passes into 
colloidal solution, and is therefore known as 
soluble Prussian Blue. It has the composi¬ 
tion ICFe UI [Fe l, (CN),], *H,0 ; a number of 
varieties appear to exist, whose properties 
and degree of hydration differ. When the 
ferric salt is in excess, the product is In¬ 
soluble Prussian Blue, Fe ,n 4 [Fc n (CN) 4 J,. 
A mixture of the various Prussian blues is 
used as a pigment. It has been stated that 
Soluble Prussian Blue is identical with 
Soluble Turnbull’s Blue ( q.v .). 

Prussiates. See Cyanides. 

Prussic acid. Sec Hydrocyanic acid. 

Pseudoglobulins. See Globulins. 

Pseudohalogens are compounds which 
show a marked resemblance to the free 
halogen elements in their reactions and 
properties. Cyanogen, thiocyanogen 
(SCN) t , selenocyanogen (ScCN) t , and azi- 
docarbondisulphide (SCSN,), are the prin¬ 
cipal pseudohalogcns. Sec “ Modem 
Aspects of Inorganic Chemistry ” by 
Emel6us and Anderson. 

Pseudoionone. See under Citral. 

Psicose. See Allulosc. 

Psyllium, or flea seeds, consists of the 
dried seeds of Plantago psyllium. They arc 
small seeds which contain a large amount of 
mucilage, and in contact with water form 
a gelatinous mass. They are administered 
followed by a draught of water for chronic 


constipation. Their action depends on 
increasing the bulkiness of the fxccs, which 
are thereby expedited in their natural 
movements through the intestines. 

Pterins. These are derivatives of the 
hypothetieal “ ptcridine ”, 



and are of interest in that they include the 
butterlly pigments leucopterin and xantho¬ 
pterin and the vitamin folic acid. 

Pteroylglutamic acid. Sec Folic acid. 

Ptomaines. The word “ ptomaines ” has 
fallen rather into disuse. It was applied to 
basic substances obtained from putrefying 
tissues, such as cadaverine, pulrescinc, choline, 
and muscarine. The so-called “ ptomaine 
poisoning," which is spoken of with reference 
to almost any poisoning by bad food, is not 
in general caused by the ptomaines, many 
of which arc not poisonous, but by bacterial 
toxins. 

Ptyalin is the starch-splitting enzyme of 
the saliva. It has p H = G O, and appears 
to be most active in presence of sodium 
chloride. It is probably identical with 
pancreatic amylase. 

Pug mill. A mill used in the mixing 
of clay ** slip" or similur materials. It 
consists of an open trough containing a 
number of stout paddles slightly inclined to 
the horizontal and rotating slowly. The 
action of this type of mill is really kneading. 

Pulegone, C, 0 H u O. An optically active 
monocyclic ketone, the d-form 
alone of which is known ; it 
occurs in oil derived from the 
Labiatx, and more especially 
from pennyroyal oils (from 
Mentha pulegium and Hcdcoma 
pulegioides). It is the main 
constituent of pennyroyal oils. 

It is an oil with a camphor- 
like smell, and can be purilied 
by means of its crystalline 
compound with sodium bi¬ 
sulphite. Its constants arc: 

B.P. 221°-222°, dj 4 0 9340, 

[a] D + 21 °. By the action of hydrochloric 
acid on a mixture of pulegone and amyl 
nitrite, bisnitrosopulegonc is formed of 
M.P. 81-5°. It forms /-menthol on reduc¬ 
tion with sodium and alcohol. With hydro¬ 
chloric acid it forms a raonohydrochloride 
of M.P. 24°-25°. It forms a semicarbazone 
of M.P. 172°. 

Punicine. See Pelletierine. 

Purdie, Thomas (1843-1916). Born at 
Biggar, Purdie was educated at Edinburgh 
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Academy, where his interests lay in classics 
and literature. After a period devoted to 
commerce in the Argentine, he took up the 
study of chemistry, first under Frankland in 
London, and then under NVislicenus at 
Wurzburg. In 1884 he was appointed 
professor of chemistry at St. Andrews. He 
was elected F.R.S. in 1895. Although he 
laboured in a wide field of research, Purdie’s 
name will be best remembered for the part 
he took in the development, in this country, 
of research upon optical activity. 

Purine, C,H 4 N 4 . A 
crystalline solid, M.P. N=CH 
216°-217% readily sol- L ! , 
uble in water. It can 
be prepared from uric 
acid, but is not obtained 
naturally, and is not 
physiologically important, although many 
of its derivatives are. 

Purines. A group of compounds of animal 
and vegetable origin, containing the purine 

ri "K «„N=C U ,- 

i I N / 

III'' '-ui—^"i»»\ „ 

II II >c,„— 

id N—C <4 ,—N lt r 

which is numbered as shown. The group 
includes adenine and guanine, which are 
constituents of the nucleic acid portion of 
nucleoproleins, their breakdown products, 
hypoxanthinc, xanthine, and uric acid, and the 
drugs caffeine, theobromine, and theophylline. 

Purple 0 ! Cassius. See Gold, colloidal. 

Putrescine, Tetramethylenediamine, 

H,N • <CH ,) 4 • NH„ 

M.P. 27®-28®, B.P. 158°-159°, soluble in 
water and alcohol. Putrescine is one of the 
ptomaines, and is found, associated with 
cadaverine, in putrefying tissues, being 
formed by bacterial action on the amino- 
acid arginine. It is found in the urine in 
some cases of the congenital disease 
cystinuria. It is also present in ergot. 

Putty chaser. Sec Edge-runner mill. 

Putty powder. See Tin oxides. 

Pyknometer. An instrument for measur¬ 
ing the density of a solid or a liquid by 
determining the weight of a known volume. 
The specific gravity bottle with a drilled 
stopper is the simplest form. 

Pyman, Frank Lee (1882-1944). Pyman 
was born at Malvern and educated at the 
Victoria University, Manchester, and at 
Zurich. After being Director of the Well¬ 
come Chemical Research Laboratories he 
became professor of technological chemistry 
at the Municipal College of Technology, 
Manchester, then being appointed Research 
director to Messrs. Boots Pure Drug Co. 


Ltd. He published numerous original 
papers and was elected a Fellow of the 
Royal Society in 1922. Sec ./. Client. Soc., 
1944 . 503 . 

Pyocyanin. 0*11*0,!*.. 
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A blue pigment, produced by Bacillus 
pyocyaneus, which acts as an oxygen 
carrier. It crystallizes in needles, M.P. 
133®, soluble in hot water. It hydrolyses 
to two molecules of hcmipyocynnin. 

Pyramidon. A trade name for amido- 
pyrin. 

Pyranose. A term introduced by 
Haworth for the stable ring forms of the 
sugars which contain the 5-carbon and 
oxygen ring skeleton here 

drawn. Glucose is structur- O—C-—C 

ally a 1 :5-glucopyranose Y \, 
with a primary alcohol group ^ , 

CH,OH as a side chain. C—C 

Such pyranose derivatives arc 
stable and crystalline in contradistinction 
to the furanose sugars (q.v.). 

Pyrazolone dyes. These dyestuffs, closely 
associated with those of the azo-series, 
contain the characteristic group : 

RC-C—N=N—Ru 


l l 
Y * 


(OH) 


R = alkyl or carboxyl groups. 

Ri, R u *= aryl groups. 

The preparation is brought about in three 
principal methods of which the most im¬ 
portant consists in condensing directly 
pyrazolones and diazonium salts. A large 
number of pyrazolones can readily be pre¬ 
pared from acetoacetic ester and phenyl- 
hydrazines (Fast Light Yellow G, etc.). 

Pyrethrum. An insecticide obtained by 
grinding the flowers of certain plants of the 
genus Chrysanthemum ( Chrys. Cinerarii- 
folium and Chrys. Coccineum), which are 
grown chiefly in Japan, Dalmatia and Kenya. 
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The insecticidal properties are due to 
the presence of Pyrethrins I and II, which 
are obtained by percolation of ground 
flowers with organic solvents. A powder 
of good quality should contain about 1 % 
pyrethrins. The pyrethrins arc esters of 
pyrethrolone, with the structural formula: 
shown. 

CH, 
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In pyrethrin I, C„H 14 0„ R is CH* and 
in pyrethrin II, C„II„0 4 , R is COOCH,. 
The pyrethrins are viscous liquids, pyre¬ 
thrin I boiling at 150* in vacuo and pyre¬ 
thrin II decomposing on vacuum distilla¬ 
tion. They arc oxidized in presence of 
air with consequent loss of insecticidal 
power. They arc insoluble in water, 
readily soluble in organic solvents. 

Pyre thrum is an excellent insecticide 
with an instantaneous (knock down) action, 
and this is the basis of the Pcet Grady test 
for the bioassay of pyrethrins. Chemical 
methods of assay can also be used. See 
“Pyrcthrum Flowers” by Gnadinger. 

Pyrex. A trade name for a heat-re¬ 
sisting 44 borosilicatc ” glass containing a 
high percentage of silica, with boron trioxidc 
and smaller quantities of alkalis and alumina. 
Pyrex has high mechanical strength, resists 
attack by strong acids and alkalis, and 
withstands sudden changes of temperature 
without breakage ; it softens at a higher 
temperature than ordinary soda glasses. 

Pyridine, C 4 II 4 N. Colourless refractive 
hygroscopic liquid, B.P. 115-3®, sp. 
gr. 0-978 at 25®. Strong character¬ 
istic smell. Burns with a smoky 
flame. Miscible in all proportions 
with water and organic solvents. 

Strong base, turns litmus blue, 
forms stable salts with mineral acids and 
quaternary compounds with alkyl halides, 
e.g. pyridine methiodide, 

C 4 H 4 N • CHjI. 

Forms characteristic picrate and double 
compounds with mercuric iodide. Reduced 
to piperidine, C 4 H n N, by sodium and alco¬ 
hol. Very poisonous. 

28 
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It is obtained from the basic fraction of 
the light oil which first comes over in the 
distillation of coal tar. 

Extensively used as a solvent, and for 
denaturing spirit. Its simple derivatives 
arc not of commercial importance. 

Pyridoxine, adermin, vitamin-Bj, 
C,H n O J N. Colourless 
needles, M.P. ICO®. 

Pyridoxine is needed by 
rats to cure dermatitis 
developed on a vitamin- 
B-free diet, supple¬ 
mented by aneurin and riboflavin. Its 
absence from the diet is also associated with 
ana»mia. It is needed also by certain 
bacteria. It is present in rice husks, 
maize, wheat germ, yeast, and other sources 
of vitamin-B and has been synthesized. 

The related compounds pyridoxamine 
and pyridoxal, in which the ClI,OII group 
in the 4 position is replaced by CII,NH, 
and CHO respectively, also possess vitamin- 
B, activity and for certain bacteria arc 
much more active than pyridoxine. It hus 
been suggested that pyridoxal phosphate 
is responsible for the dccarboxylution of 
tyrosine. 

Pyrimidine, C 4 H 4 N 4 . A crystalline com¬ 
pound with a penetrating 
smell. M.P. 20®-22®, B.P. 

123-5®. 124®. Soluble in 
water, giving a neutral 
solution. It can be pre¬ 
pared from barbituric acid 
via trichloropyrimidinc. 

Pyrimidines. A group 
containing the pyri- 
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midinc ring which is 
numbered as shown. 

The group includes 
cytosine, thymine, and 
uracil, which are con¬ 
stituents of the nucleic 
acid portion of nucleo- 
proteins, and barbituric acid and its deriv¬ 
atives, which are important medicinally. 

Pyrites, FeS,. One of the commonest of 
minerals; it crystallizes in the cubic 
system, in cubes, octahedra, and pentagonal 
dodccahcdra. Hardness 0, sp. gr. 5-1. 
Colour brass-yellow, with metallic lustre. 
Good crystals arc found in Piedmont, Elba, 
Cornwall, and Colorado. 

Pyrogallol, C.H.O,. White 
needles, M.P. 132®, B.P. 210°, 
with partial decomposition. 

Readily soluble in water, alco¬ 
hol, and ether. Alkaline solu¬ 
tions rapidly absorb oxygen 
from the air and become dark 
brown in colour. 
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It is prepared by digesting gallic acid 
with water at 200 °. 

Extensively used as a photographic 
developer, and in gas analysis as an 
absorbent for oxygen. 

Pyroligneous acid is the crude brown 
liquor obtained by the distillation of wood. 
Its acid properties arc due chiefly to the 
acetic acid it contains. Methyl alcohol 
and acetone arc also present, together with 
small amounts of other substances. It is 
sometimes used as a source of acetic acid, 
methyl alcohol, and acetone. 

Pyrolusite. A natural, mineral form of 
manganese dioxide, MnO,. 

Pyrometric cone equivalent (P.C.E.). A 
term used in the ceramic industry indicating 
a measure of the “melting-point” or 
“ fusion-point ” of the refractory. A test 
pyramid of the refractory is made and 
plnccd in a furnace by the side of a series 
of standard cones called ** Soger” or 
Pyrometric cones. A preliminary trial 
will determine the range of standard cones 
to be used. The furnace is now slowly 
heated until the tip of the test cone bcnd9 
over to the level of the base. The number 
on the Seger cone which compares with 
the test cone in the degree to which the 
tip bent over is referred to as the Pyro¬ 
metric Cone Equivalent of the refractory. 

Pyromucic acid. See Furoic acid. 

Pyrophoric alloy. An alloy of cerium 
(with lanthanum, neodymium, yttrium, and 
samarium) containing 30 per cent, iron 
which, when scratched with iron, produces 
sparks, and is used in pocket lighters. 
The cerium is obtained as a by-product in 
the production of thorium salts from 
monazite sand. 

Pyrophoric metals. Many metals when 
produced in a porous condition by reduction 
at low temperatures are in a state of con¬ 
siderable activity and arc often spontane¬ 
ously inflammable. Thus pyrophoric iron 
can be obtained by reduction of ferrous 
oxalate and many others by distillation of 
amalgams at low pressures. 

On heating pyrophoric metals, the activity 
decreases as the increased kinetic energy 
allows the atoms to flow together to the 
normal lattice structure and thus reduces 
the surface energy. 

Pyrophyllite, a white aluminosilicate cor¬ 
responding to the formula 

Al 2 (Si 4 O, 0 )(OH) a , 

though substitution is so common that the 
composition is very variable. The crystal 
structure is the same as in talc, except that 
in pyrophyllite two-thirds of the six-co- 
ordinated positions are tilled with Al a , 


whilst in talc all the six-co-ordinated posi¬ 
tions arc filled with Mg, groups. a 5*14 a., 
b - 8 00 a., e = 18-55 a., p -= 00'55', a lb :e 
(crystal axes) 0 577 : 1 :2 081. Usual occur¬ 
rence in radiating groups of rhombic crystals. 

Sp. gr. 2-7-2 0, ref. index 1-57. On heating, 
shows slight endothernial reaction at 480' 1 
and marked irreversible exothermal reac¬ 
tion at 720°-830’ ; both these reactions arc 
distinct from those shown by clays. 

Pyrophyllite is regarded us the type- 
mineral for one of the two main groups of 
clay minerals ; this group includes inont- 
morillonitc, bochmitc, bcidcllitc, bentonite, 
and nontronite. Although their constitu¬ 
tions arc very similar, these minerals vary 
greatly in potential plasticity and in their 
resemblance to what is generally regarded 
as “ clay.” The occurrence of pyrophyllite 
is very widespread, as u constituent of clays, 
but its occurrence in massive form is rare. 

It has no commercial uses. 

Pyroracemic acid. See Pyruvic acid. 

Pyrosols. Cloudy solutions generally re¬ 
garded as colloidal arc formed in the elec¬ 
trolysis of fused 6alts, the free metal being 
the dispersed matcriul. A natural example 
is blue rock salt which contains dispersed 
sodium, and pyrosols arc easily obtained by 
dissolving the metal directly in the fused 
salt, e.g. by dissolving zinc in fused zinc 
chloride. Coloured glasses arc cooled 
pyrosols. The addition of electrolytes 
sometimes precipitates out the dispersed 
material. More recent work tends to the 
conclusion that in some of these metallic 
pyrosols the metal is molccularly dispersed, 
although solvated. See Colloid. 

Pyrotartaric acid, Methylsuccinic acid, 

c 4 h,o 4 . 

CH.CHCOOH 

CH.COOH 

occurs in optically active forms. dl- 
Pyrotartaric acid is a colourless, crystalline 
solid, M.P. 115°. Very soluble in water; 
insoluble in cold chloroform. Prepared by 
the dry distillation of tartaric acid or by 
reduction of itaconic or citraconic acids. 
Forms an anhydride when heated to 200°. 
The active acids are obtained by fractional 
crystallization of the strychnine dl- pyro- 
tartrate. They melt at 115°, [a]!, 3 ±9-89°. 

Pyroxenes. The pyroxenes constitute an 
important class of silicate minerals, struc¬ 
turally related to the amphibolcs. Typical 
members of the group are enstatitc, MgSiO,, 
and diopsidc, CaMg(SiO,),. The character¬ 
istic of the crystal structures of the pyroxenes 
is the presence of chains formed by Unking 
silicon-oxygen tetrahedra corner to corner. 
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Such chains have the composition (SiO,). 
and these parallel chains arc bound together 
by the metal ions : 

O O O O 

V V 

o' etc. 

/ V x 

o /N b 

The pyroxenes were formerly called meta- 
silicates, but the group SiO, is not present 
as a discrete complex in the crystals. 

Pyrrhotite or Magnetic pyrites, FeS to 
Fe,S ? . This mineral occurs in hexagonal 
or pseudo-hexagonal plates. Hardness 4, 
sp. gr. 4 0. A yellowish mineral with a 
metallic lustre. The proportion of iron to 
sulphur is variable, but usually there is 


more sulphur than is required by the 
formula FeS. 

Pyrroffitioporphyrin. Sec Porphyrins. 

Pyrroporphyrin. See Porphyrins. 

Pyruvic acid, Pyroracemic acid, 
CHjCOCOOII, is a colourless liquid with 
an odour resembling that of acetic acid, 
M.P. about 130°, B.P. 05°/10 mm. 
Soluble in water, alcohol, and ether. It 
is an intermediate in the breakdown of 
sugars to alcohol by yeast. Prepared by 
distilling tartaric acid with potassium 
hydrogen sulphate. Tends to polymerize 
to a solid (M.P. 92°). Oxidized to oxalic 
acid or acetic acid. Reduced to dMactic 
acid. Forms a characteristic 2 : 4-dinitro- 
phcnylhydrazonc (M.P. 218°). Detected by 
the violet-blue colour produced when a 
solution is made alkaline with ammonia 
and sodium nitroprusside added. 

Pyruvic alcohol. See Acetol. 


Q 


Quadruple point. The unique conditions 
of temperature and pressure at which four 
phases of a two-component system are in 
cquilibium. 

Quantum. According to the Quantum 
Hypothesis, the energy associated with 
light must be regarded ns occurring in 
discrete units, which have a definite value 
for light of a given frequency. The energy 
can only be transferred in these discrete 
parcels, or units, and not continuously 
like a stream of (luid. For light of fre¬ 
quency u, the unit of energy, the quantum, 
is equal to hv, where h is Planck’s constant, 
equal to 0-024 x 10-" ergs per second. 
Clearly the magnitude of the quantum 
varies with the frequency (i.e. with the 
wave-length) of the light, e.g. for red light 
it is about 2-5 X lO -1 * ergs, and for ultra¬ 
violet light about 5 x 10-‘* ergs. 

Quantum efficiency. The quantum effi¬ 
ciency of a process is the number of mole¬ 
cules actually decomposed for each quantum 
of radiation absorbed. 

Quantum hypothesis. In 1901 Planck 
abandoned the classical method of treating 
the problem of radiation. He assumed 
that the energy in certain vibrating systems 
could not be transferred continuously, 
but only in integral multiples of an energy 
unit E, the quantum, equal in magnitude 
to the frequency of vibration v multiplied 
by a constant h, known as Planck’s constant, 
which has the same value for all such 
systems, viz. 6 624 x 10~ S7 erg per see. 
The concept of the quantum led to most im¬ 
portant advances in all branches of science 


concerned with the energy of atomic or 
molecular systems, for they conform in 
detail to this principle. Thus, the trans¬ 
ference of electronic, vibrational, and rota¬ 
tional energy in atoms or molecules occurs 
only in integral multiples of quanta, the 
magnitude of the quantum being deter¬ 
mined in each case by the frequency of the 
light associated with such energy transitions, 
and revealed by spectroscopic measurements. 
See Line spectrum and Band spectrum. 

Quantum number. The planetary elec¬ 
trons in an atom (or the atoms in a mole¬ 
cule) are possessed of energy by reason of 
their rotation, vibration, or spin. It is a 
postulate of the quantum theory that the 
energy possessed by such a particle can 
only have certain definite values. Each 
such value, for a particular form of energy 
(e.g. rotational) is a multiple—which is 
always a small whole number, or some¬ 
times one-half—of a unit of energy, the 
quantum, which is characteristic of the 
particular form of energy under considera¬ 
tion. The multiple which defines the energy 
of the particle is called a quantum number. 

Quartering. The most common method 
of obtaining a small representative sample 
of a solid material. Gross samples arc first 
collected, are ground and mixed, and the 
resultant solids heaped into a cone. This 
cone is then flattened into a circular cake, 
divided into four quadrants, and two 
opposite quadrants rejected. The remain¬ 
ing solid is then well mixed and the process 
repeated until a sample of the required size 
is obtained. 
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Quartz, SiO.. One of the commonest of I into one of the two other forms of silica. 


minerals and the chief constituent of 
sandstone rocks and sand. It exists in a 
low- and high-temperature form, designated 
a- and 0-quartz respectively, the transition 
temperature being 575°. Both forms crys¬ 
tallize in the hexagonnl system, the high- 
temperature form having higher symmetry. 
The cell constants arc : 

ex-quartz : a = 4-003 a. c = 5-303 a. 
0-quartz : a = 4-080 a. c = 5-446 a. 

(at 575“). 

The low symmetry of ordinary low-tempera¬ 
ture a-quartz is often shown by the develop¬ 
ment of faces on alternate comers. Such 
crystals are termed cnantiomorphous. 



A B 


Right-handed. Left-handed. 

The crystal marked A is right-handed or 
dextrorotatory; the crystal B is left- 
handed or hevorotatory. The small faces 
at alternate corners arc s{l24), 2(124}, and 
so on. Twinned crystals arc common. 

Many examinations of the structure of 
quartz have been made. As in all the forms 
of silica, every silicon atom is surrounded 
tctmhedrally by four oxygen atoms, and 
every oxygen atom also forms part of 
another similar group around a second 
silicon atom. The linking of the silicon 
atoms in this way by means of oxygen 
atoms to form a spiral arrangement is 
related to the strong rotatory polarization 
of quartz. Hardness, 7. Sp.gr. 2-65. The 
crystals arc usually colourless and bire- 
fringent, having a strong rotatory polariza¬ 
tion. Some varieties of quartz arc used as 
ornamental stones ; quartz is cut into prisms 
and lenses; powdered quartz is used for 
cutting and polishing. Quartz may be fused 
and drawn into very line threads or made 
into tubes, flasks and other chemical ap¬ 
paratus. It has a very low coefficient of 
expansion and does not crack on a sudden 
change of temperature. 

Rock crystal is colourless and glassy; 
amethyst has a violet colour and becomes 
yellow on heating. The brown and yellow 
varieties are called cairngorm. On heating 
to a high temperature quartz is converted 


cristobalitc and tridymitc, with an increase 
in volume of 10 %. 

Quartz is insoluble in all acids except 
hydrofluoric acid. It has a refractive 
index of 1*544 to 1-553, M.P. about 1000°- 
1700°. Vaporizes about 1700°. See Silica, 
Trldymite, Cristobalitc. 

Quassia is the wood of Picrena txcelsa, a 
tree growing in Jamaica. It contains an 
intensely bitter principle known as 
" quassin," and is used as a bitter tonic 
in the form of an infusion, a tincture and 
an extract. Quassia is free from tannin, 
consequently it can be prescribed with 
compounds of iron without forming an ink. 

Quebrachitol, C,H,«O t , is the methyl 
ether of L-inositol (q.v.). It is found in 
quebracho bark and rubber latex. It 
crystallizes in needles, M.P. 247°, 
[a] D — 80 “; the possibility of its com¬ 
mercial preparation from the serum which 
is left after the acid, coagulation of latex 
has been explored. See Armstrong's 
“ Carbohydrates." 

Quercitol, C«H, t O t , has one hydroxy- 
group less than inositol (q.v.). There are 
four inactive and six optically active forms 
of it possible. 

d-Quercitol occurs in acorns and the 
leaves of a palm Chamarops humilis to 
the extent of 1*35 %. It crystallizes in 
prisms, M.P. 234“, [<x) D + 20“ ; /-quercitol, 
which is not the optical antipode, has M.P. 
174°, [a] D — 74“. See Armstrong's “ Carbo¬ 
hydrates." 

OH OH 



Quercitrin, C tl H M O u , is the glycoside 
of the oak bark. It is hydrolysed by 
acids to rhamnose and quercetin, which is 
5:7:3': 4'- tetrahydroxyflavonol. 


O OH 



The aglucone quercetin is very widely distri¬ 
buted in plants and formerly followed 
indigo and madder in importance as a 
natural dyestuff. The sugar is attached in 
position 3. 
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It crystallizes in pale yellow lustrous 
needles or platelets, M.P. 182°. 

Other quercetin glycosides are qucrcimeri- 
trin which is a 7-/?-gIycoside, incamatrin, 
isoqucrcitrin, serotin, rutin. 

Quicksilver. See Mercury. 

Quinacrine. A trade name for a brand 
of mepacrinc hydrochloride. 

Quinaldine, C 10 H,N. Colourless oily 
liquid, B.P. 246°-247°. 

Odour resembling quinoline. / y \ 
Volatile in steam. Sparingly | 

soluble in water, miscible in 
all proportions with alcohol, 
ether, and benzene. Basic, 
forms stable salts and quaternary com¬ 
pounds. 

It is prepared by heating together aniline, 
acetaldehyde, and zinc chloride. 

It is used for the preparation of photo¬ 
sensitizing dyes. It also condenses with 
phthalic anhydride to give a coloured 
product which, after, sulphonation, is the 
dyestuff quinoline yellow. 

Quinbydrone, C,,H l0 O 4 , is a molecular 
compound of quinonc and hydroquinone, 
with a carbonyl oxygen atom of quinone 
attached to an unsaturated carbon atom in 
the hydroquinone molecule. It is prepared 
by mixing alcoholic solutions of quinonc 
and hydroquinone and crystallizes in 
reddish-brown needles with a green lustre, 
M.P. 171°. It is very sparingly soluble in 
cold water, and is split into its constituents 
by boiling water. It is used in the quin- 
hydronc electrode. Other related compounds 
of quinonc with phenols have been prepared, 
and these arc collectively called quin- 
hydroncs ; phenoquinonc, for example, has a 
hydroquinone molecule attached to both 
oxygen atoms of quinonc. 

Quinbydrone electrode. This is an arrange¬ 
ment for measuring the hydrogen-ion con¬ 
centration in a solution, or for measuring the 
electrode potential of a substance, and de¬ 
pends on the following reaction : 

C,H 4 0, + 2H* ^ C.H.O, - 2e 

Quinone. Hydroquinone. 

Quinic acid, C 4 H,(OH) 4 COOH, 


OH H 



cinchona bark, coffee beans, bilberries, etc., 
often conjugated with caffeic acid. It has 
M.P. 162°. 

Quinidine, C t0 H 14 O t N„ 2H*0, is a dextro¬ 
rotatory stereoisomer of quinine. It occurs 
in cinchona bark and is obtained as a by¬ 
product in quinine manufacture. It has 
similar medicinal properties to quinine, but 
has a depressant action on the heart. It is 
chiefly used for the control of auricular 
fibrillation. 

Quinine, C l0 H I4 O t N a , 3H t O, 



A white microcrystalline powder, M.P. 57° 
(177° when anhydrous). Almost insoluble 
in water, soluble in one part of alcohol, 
[a]" (anhyd) — 1G9° in alcohol. Quinine 
is the principal alkaloid of cinchona bark 
from which it is obtained by mixing with 
lime and extraction with alcohol or by 
boiling the bark with acid and precipitation 
with ammonia. It is then purified via 
its sulphate. It has been synthesized 
from 7-hydroxyisoquinolinc (•/. Amer. 
Chem. Soc., 1944, 60, 849). Quinine is one 
of the most important drugs known and 
with its salts is used in enormous quantities 
for the treatment of malnria. It acts by 
destroying the malarial parasite. It is a 
general protoplasmic poison ; it retards 
enzyme action and diminishes metabolism. 
It is an antipyretic and is a remedy for 
colds and influenza. 

Quinizarin, C, 4 H,0 4 . It crystallizes in 
yellowish-red leaflets, M.P. 

198°. It is very sparingly 
soluble in water, soluble in 
benzene and ether. In 
caustic alkalis it dissolves 
to an intense blue-violet 
solution. 

It is prepared by con¬ 
densing p-chlorophenol with 
phthalic anhydride in sulphuric acid solution 
in the presence of boric acid. The chlorine 
atom is replaced by hydroxyl during the con¬ 
densation. It can also be prepared by oxida¬ 
tion of anthraquinonc or 1 -hydroxyanthra- 
quinonc by means of sulphuric acid in the 
presence of mercuric sulphate and boric acid. 

Quinizarin is used for the preparation of 
acid wool colours. One or both hydroxyl 
groups are replaced in a condensation with 


O 



is the carboxylic acid of a tetrahydroxy- 
cyclohexane (u. Inositol). It is found in 
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one or two molecules of toluidine, and the 
resulting product is sulphonatcd. Alizarin 
Cyanine green is an example of such a dye. 

Quinol. Another name for Hydro- 
quinonc. 

Quinoline, C,1I,N. Colourless oily refrac¬ 
tive liquid, B.P. 238°. Very 
hygroscopic, disagreeable o<lour. 

Sparingly soluble in water, mis¬ 
cible in all proportions with alcohol, 
ether, and benzene. Volatile in 
steam. Oxidized by alkaline permanganate 
to quinolinic acid (pyridinc-2 : 3-diearboxylic 
acid). Reduced by tin and hydrochloric 
acid to the tetrahydro-compound. Basic, 
gives stable suits with mineral acids, and 
quaternary ammonium compounds with 
alkyl halides, characteristic dichromatc, 
M.P. 104°-167°. 

Occurs in the high-boiling fraction of 
coal tar. Most conveniently prepared by 


Skraup*s reaction by heating a mixture of 
aniline, glycerol, sulphuric acid, and nitro¬ 
benzene. 

It has a limited use in the manufacture 
of cyanine dyestuffs for photosensitizers. 

Quinone, C 4 II ( O a . Yellow monoclinic 
prisms, M.P. 115-7 0 , readily sub- () 
limes, volatile in steam, penetrat- || 
ing odour. Soluble in alcohol, / v 
ether, benzene, and hot water, less 
in cold water. Electrolytic reduc¬ 
tion gives quinhydronc, reduction \/ 
with hydrogen sulphide gives hydro- ll 
quinonc. Gives mono- and di-oximes. 0 
Vigorous oxidation gives maleic and oxalic 
acids. It is prepared by the oxidation of 
aniline with chromic acid. 

Used as a source of hydroquinonc and of 
some sulphur dyes. 

Quinophan. Sec Cinchophcn. 



Racemic acid. See Tartaric acids. 

Racemic compound. An equimolecular 
compound or mixture of the dextro- and 
Ixvorotatory optically active forms of a 
given compound. 

Radical. A group of atoms which is the 
invariable constituent of a number of com¬ 
pounds, and passes unchanged through a 
series of chemical reactions. Each radical 
has a characteristic valency, and can be 
replaced by other radicals or by elements 
of equivalent valency. Radicals which 
ionize with a positive charge arc basic 
radicals, e.g. NII«; those which ionize with 
a negative charge arc acid radicals, e.g. 
S0 4 . Radicals in the free state (vide Free 
radicals) arc unsaturoted, and have one or 
more free valencies. 

Radioactive disintegration. The pheno¬ 
menon of radioactivity is the splitting off, 
from the nucleus of the radioactive atom, 
of a- and 0-particles, with the emission of 
y-rays. The resulting atom may still be 
radioactive, and a scries of disintegrations 
occur, e.g. thorium finally yields lead. 
See radioactivity. 

Radioactivity. Shortly after the dis¬ 
covery of X-rays by Rontgen, Bccqucrel 
(1890) found that uranium salts had a 
pronounced effect on a photographic plate 
even when they were separated by thin 
sheets of metal. This property was called 
radioactivity. It is due to three kinds of 
radiation, named a-, 0-, and y-rays, which 
arise from the spontaneous disintegration 
(i.e. splitting up) of the nucleus of the 
radioactive element: in the case of 
uranium salts, the uranium. 


Only a very few elements normally 
exhibit radioactivity, viz. radium, polo¬ 
nium, uranium, thorium, rudou, and to 
a much less extent potassium and rubidium, 
but since radioactivity involves the splitting 
up of the atomic nucleus, new elements arc 
formed during the process, which may 
themselves be radioactive. These elements, 
which represent the intermediate stages in 
the process of forming a stable, and there¬ 
fore non-radioactive atom, from a meta- 
stable one like radium, arc often relatively 
short-lived. The half-life period, i.e. the 
time taken for their concentration to 
diminish to one half of its original value, 
may be as small os 0 2 second, or as long as 
20 years. 

The rate of radioactive transformations 
cannot be altered by changing the con¬ 
ditions which arc available to us in the 
laboratory. The process is a spontaneous 
one. 

It has now been discovered that radio¬ 
active elements may be often prepared 
artificially by bombarding the atoms of 
ordinary stable elements with, e.g. the 
rapidly moving nuclei of helium atoms. 
See Radioactivity, artificial. 

Radioactivity, Artificial. When an ele¬ 
ment undergoes a nuclear reaction, e.g. 
as a result of bombardment with a-particlcs, 
protons, deuterons, or neutrons, the resulting 
atoms may be stable or metastable. In the 
latter case, they will be radioactive, and the 
phenomenon is known as artificial or induced 
radioactivity. Rutherford showed in 1919 
that many elements underwent instantane¬ 
ous disintegration when bombarded with a- 
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particles (c.g. "N + ‘He - “O + 'HI but 
in 1934 Madame Curie and Joliot found that 
aluminium exposed to a-rays from polonium 
became radioactive, emitting positrons (or 
positive electrons) and decaying with a 
half-life period of 105 seconds. This is 
due to the formation of an active isotope 
of phosphorus which may be separated by 
chemical means. The reaction between 
the aluminium nuclei and the a-particlcs 
is expressed by the equation 

;;ai + jHe - ;;p + 

(the symbol \n represents a neutron which 
is emitted in the process). The new phos¬ 
phorus atoms disintegrate into atoms of a 
silicon isotope and positive electrons: 
*°P J Si + \e ; this process produces the 
observed artificial radioactivity. In this 
process, only a fraction of the a-particlcs 
causing disintegration actually gives rise 
to active phosphorus, the majority follow¬ 
ing the (a, p) reaction giving J° t Si directly. 
The emission of positive electrons or other 
charged particles in such processes is 
detected experimentally by the ionization 
which they produce in gases; in the 
Geigcr-MUUcr counter this effect is used 
to count the number of particles emitted 
and hence to determine the rate of decay 
of the activity. 

In addition to positron emission, electrons 
may be emitted, though artificially nctivc 
a-sources arc not fully established. In¬ 
stead of positron emission, the atom may 
decay by capturing a *-clcctron from the 
extra-nuclear orbits, which is followed by 
emission of characteristic X-rays. y-Itays 
are also emitted, but these may transfer 
some or all of their energy to extra-nuclear 
electrons, which may then be emitted with 
well-defined energy. This is known as 
“ internal conversion ” of y-rays. Yet 
another mode of disintegration is “ iso¬ 
meric transition,” in which the nucleus 
loses energy (y-rays) only, and reaches a 
more stable state, although its mass and 
charge remain unchanged. 

Although a complete theory of artificial 
radioactivity is not yet available, certain 
general rules exist. Thus (n, y) reactions 
usually give electron emitters, and only 
occasionally positron emitters ; (y, n) 

reactions usually give positron emitters. 

Normally, artificial radioactivity is only 
induced by bombardment with particles 
of appreciable mass, viz. a-particles, pro¬ 
tons, deuterons, or neutrons, but y-rays of 
very high energy are capable of disinte¬ 
grating atoms with the ejection of a neutron 
from each nucleus and the formation of an 
isotope of the original element, which 


emits 0-rays (the “ nuclear photo-electric 
effect"). Charged particles disintegrate 
atoms of the lighter elements only; neu¬ 
trons, however, possess no electric charge 
and can penetrate the heaviest atoms 
without being subject to strong electro¬ 
static forces. For this reason neutrons 
are particularly effective in producing 
artificial activity. The best sources of 
neutrons are chain-reacting piles and the 
cyclotron, and by their use several hundred 
radioactive isotopes have been prepared 
with half-life periods ranging from seconds 
to many years. 

These artificially produced radioactive 
isotopes, in particular “C, J *T and 3 S, 
have been used medicinally as sources of 
radiation and as ** tracers ” in biological 
and chemical research. 44 Tracers" arc 
radioactive isotopes mixed with ordinary 
atoms or molecules and enabling their 
path in a chemical reaction or physiological 
system to be followed by using a suitable 
counter. For example, by giving radio¬ 
active iodine, the iodine uptake of the 
thyroid gland is easily measured. For 
lists and details of radioactive isotopes 
available for such purposes, see Science, 
1940, 103, 097. Sec Atomic energy. 

Radiochemical action. Sec Radium. 

Radium, Ra. At. no. 88, At. wt. 220*05. 

A radioactive clement, of half-life period 
1580 years. Its salts were first isolated in 
1898 by M. and Mine. Curie by fractional 
crystallization of barium halides obtained 
from the uranium mineral pitchblende. 
Chemically radium behaves as a member 
of the alkaline-earth family of elements. 
Its salts are isomorphous with those of 
barium, but are less soluble in water. 
Metallic radium was obtained by Mine. 
Curie in 1910 by electrolysis of a solution 
of radium chloride with a mercury cathode. 
Metallic radium was subsequently isolated 
by distilling the mercury from the amalgam 
formed at the cathode. It is a white metal 
(M.P. 700°) which tarnishes in the air and 
decomposes water. The radioactive decay 
of radium involves the emission of a- 
particles and y-rays, with production of 
the radioactive gas radon (or niton), 
which is a member of the same chemical 
family as the rare inert gases of the atmo¬ 
sphere. As a result of radioactive decay 
radium and its salts, if in quantities of a 
few milligrams, appear luminous in the 
dark. They cause discoloration of glass 
and bring about decomposition of water, 
as well as other chemical changes (radio¬ 
chemical action). 

Radon, Rn. At. no. 8(i, At. wt. 222. 
Radon is one of the inert gases, and shares 
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with helium, neon, aud the other members 
of this group the property of forming no 
chemical compounds. It is the first product 
of radioactive decay of rndium or its salts, 
and is sometimes given the name " radium 
emanation " or “ niton." It undergoes 
spontaneous radioactive decomposition. 
Minute quantities of the gas are collected 
from the decomposition of radium salts in 
solution and used in radium therapy. 

Radon has been characterized by direct 
determinations of its density by ineuns of a 
microbalancc. Its spectrum has also been 
studied. It has a boiling-point of — 65° 
and a melting-point of — 71°. It is the 
most soluble of all the rare gases in water, 
the absorption coefficient at 0® being 0-51. 
It occurs only in minute amounts in the 
atmosphere. 

Raffinose, C„H„O l4 , the best-known 
trisaccharidc, is comi>oscd of galactose, 
glucose, and fructose. It forms large mono¬ 
clinic prisms as hydrate. M.P. 118°, 
[aJ D + 101°. It is often found in consider¬ 
able quantities in the sugar beet, but the 
best source is cotton-seed meal, which 
contains 8 %. It has no reducing power, 
and behaves in an interesting manner to 
enzymes (sec Armstrong’s "Carbohydrates"). 

Raistrick, Harold (1800- ). Rom at 

Pudsey, Yorkshire, Raistrick was educated 
at Leeds and Cambridge, where he was on 
the Research Staff of the School of Bio¬ 
chemistry from 1014 to 1021. He then 
took charge of the Biochemical Department, 
Nobel's Explosives Co. (Ayrshire), where 
lie remained until 1020, when he was 
appointed Director of the Division of 
Biochemistry and Chemistry in relation to 
Public Health at the London School of 
Hygiene and Tropical Medicine, and pro¬ 
fessor of biochemistry in the University 
of London. He was elected a Fellow of the 
Royal Society in 1034, and has published 
numerous papers, chiefly on microbiological 
chemistry. 

Rake mixer. In this plant the mixing 
is carried out by slowly revolving rakes 
working on a horizontal plane surface. It is 
designed to transport the solid material 
to a certain extent and to break down any 
lumps. This principle is applied in the 
Hcrrcshoff furnace for roasting ores. 

Ralston’s classification of coal. This 
classification is based on the percentages of 
carbon, hydrogen, and oxygen in the ash-, 
moisture-, sulphur-, and nitrogen-free coal. 
These figures are then plotted on trilinear 
co-ordinates giving well-defined zones of 
bituminous coals, lignites, peats, etc. 

Raman, Sir Chandrasekhara Venkata (1888- 

). Director of the Indian Institute of 


Science, Bangalore, Raman was formerly 
professor of physics at the University of 
Calcutta. His classic researches upon oscil¬ 
lation, diffraction, etc., gained for him the 
Nobel Prize in Physics and election to the 
Royal Society. lie was knighted in 1020. 

Raman effect. This effect, predicted by 
Smckal in 1023 on the basis of the quantum 
theory, was observed by Raman in 1028. 
When light of frequency ti ( is scattered 
by the molecules of a solid, liquid, or 
gaseous substance, which have vibrational 
frequencies t> 0 , the scattered light when 
analysed spectroscopically shows lines of 
frequency v, given by 

v - v t ± v 0 . 

The spectrum thus obtained, corresponding 
with the vibrational (or rotational) changes 
in the molecule, is called the Raman Spec¬ 
trum. Studies of such spectra have given 
most valuable information concerning mo¬ 
lecular structure, for the vibrational and 
rotational energy of a molecule is obviously 
governed by the arrangement, ns well ns 
the size or weight, of the constituent atoms. 

Rammelsberg, Karl Friedrich (1813-1890). 
Born at Berlin, Rammelsberg was trained 
as an apothecary. In 1834, however, he 
matriculated at the University, where he 
took up the study of pure science. After 
holding several junior teaching appoint¬ 
ments and directing a private laboratory, he 
became, in 1874, professor of inorganic 
chemistry in the University of Berlin and, 
in 1883, Director of the newly founded 
second Chemical Institute of the University. 
A brilliant crystallographcr, his inorganic 
researches were mainly on the halogen 
compounds, the phosphates, and the 
cyanides. Sec Chem. Soc. Mem. Led., 
1000 . 

Ramsay, Sir William (1852-1010). Born 
in Glasgow, Ramsay studied at the Univer¬ 
sities of Glasgow, Heidelberg, and Tubingen 
before accepting a junior teaching post at 
Glasgow University. He was appointed 
professor of chemistry at University College, 
Bristol, in 1880, and at University College, 
London, in 1887. Created K.C.B. in 1902, 
he was awarded the Nobel Prize for 
Chemistry two years later. A brilliant 
chemist, he discovered the group of elements 
known as the rare gases. 

Ramsay-Shields’ constant. The constant, 
k, in the Ramsay and Shields’ equation con¬ 
necting molecular surface energy of a liquid 
and the temperature 

r[£r-*T.-T-»,, 
where y is the surface tension of the liquid, 



M its molecular weight, D its density, T. 
is the critical temperature, and T is the 
temperature at which the measurement is 
made. For a number of liquids the value 
of k is approximately 212 , and such liquids 
arc believed to be unassociated. 

Ramsbottom carbon test. Sec Carlion 

value. , , , 

Raney nickel. A special form of nickel 
prepared by treating an aluminium-nickel 
alloy with caustic soda solution. The 
nickel is left in a spongy mass which is 
pyrophoric when dry. This form of nickel 
is a most powerful catalyst, especially for 
hydrogenations. 

Raoult, Francis Marie (1830-1901). Born 
at Fourncs in the Ddpartement du Nord, 
Raoult found it necessary for financial 
reasons to curtail his studies at Paris, and 
for a number of years he filled various 
junior teaching posts. In 1803 he was 
awarded his Doctorate in Science from the 
University of Paris, and in 1870 became 
professor of chemistry at the University of 
Grenoble. His name is best known in 
connexion with work on solution and the 
determination of molecular weights of 
dissolved substances. See Mem. Lcct., 
.7. Chan. Soc., 1002, p. 009. 

Raoult’s law. Solutions have a lower 
vapour pressure than that of the pure 
solvent. Raoult’s law, formulated in 1883, 
states that the vapour pressure of a solution 
is proportional to the molar fraction of the 
solvent present in the solution. Since the 
lowering of vapour pressure causes an 
elevation of boiling-point and a depression 
of freezing-point, the law implies that the 
elevation of boiling-point or depression of 
freezing-point of a solution is proportional 
to the weight of the dissolved substance in 
a given weight of the solvent, and inversely 
proportional to the molecular weight of the 
substance. 

Raoult’s law assumes that the solvent 
docs not enter into chemical union with the 
dissolved substance, but this is rarely true, 
and deviations from the law are not in¬ 
frequent. 

Rapic acid, C 17 II 3J COOH. An isomer of 
oleic acid, occurring as glycerides in rape 
oil. It has a straight chain, but the 
position of the double bond is not known. 

Rare earths. The oxides of certain 
metallic elements belonging to the third 
group of the Periodic table. The term is 
also applied to the elements themselves. 
The oxides have the general formula R 3 0 3 , 
the elements belonging to this group being 
lanthanum, cerium, praseodymium, neo¬ 
dymium, samarium, europium, gadolinium 


terbium, dysprosium, holmium, erbium, 
thulium, ytterbium, and lutecium. The 
element of atomic no. 01 (illinium), the 
natural isolation of which is doubtful, 
is also a rare-earth, and scandium and 
yttrium are also frequently included in 
this group because of their general chemical 
similarities. Among the minerals con¬ 
taining the rare-earth metals are monazite, 
a phosphate of cerium and lanthanum which 
contains up to 18 % of thoria, and small 
amounts of the other elements of the 
group, and ccrite, H,(Ca, Fc)Cc a SijOu. 
The latter contains small amounts of other 
rare-earth elements, as does gadolinite, 

(Fe. Be),Y t Si l O I0 . 

Rare gases. The six gases, helium, neon, 
argon, krypton, xenon, and radon, the first 
five of which occur in small amounts in the 
atmosphere, arc known as the rare gases, 
or alternatively as inert or noble gases. All 
nre monatomic and characterized by com¬ 
plete chemical inertness. 

Raschig rings. A type of absorption 
tower packing in the form of pottery rings 
of a diameter approximately equal to their 
depth. 

Rationality o! indices, law of. See 
Rationality of Intercepts, law of. 

Rationality of intercepts, law of. The 
intercepts of the faces of a crystal upon the 
axes of the crystal bear a simple ratio to 
each other. This is sometimes referred to ns 
the Law of Rationality of Indices. 

Ratio of specific heats. This is the 
ratio between the specific heat of a gas at 
constant pressure (c p ), and that at constant 
volume (c,), i.c. c p /c w . This ratio is char¬ 
acteristic of the number of atoms in each 
molecule of the gas; monatomic gases 
have the value 107; diatomic 1-40; and 
triatomic 1-33. 

Raw rubber. The solid material obtained 
by coagulating latex ( q.v .). The material 
is weak, plastic, and inelastic, and is un¬ 
suitable for most manufactured goods 
before it is vulcanized (see Vulcanization, 
Vulcanized rubber). The main constituent 
is the rubber hydrocarbon (see Caoutchouc). 
It contains natural anti-oxidants (q.v.) and 
does not deteriorate as does vulcanized 
rubber (sec Ageing). The chief types on the 
market (obtained from IIeve a brasiliensis) 
are smoked sheet, pale crepe, and brown 
crepe ; other types arc blanket crepe, block 
crepe, Para, powdered rubber (q.v.), slab 
rubber, sprayed rubber, and unsmoked sheet. 

Ray. Sir Prafulla Chandra (1801-1944). 
Ray was born at Ranili-Katipara, Bengal. 
He studied at Presidency College, Calcutta, 
and at the University of Edinburgh, re¬ 
turning to Presidency College in 1889 as 
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professor of chemistry. In 1010 he beenmc 
Pnlit professor of chemistry in the Uni¬ 
versity College of Science and Technology, 
Calcutta. lie showed a practical interest 
in developing Indian chemical industry by 
founding the Dcngnl Chemical and Pharma¬ 
ceutical Works, of which lie was a director, 
and published numerous original papers, 
dealing chiefly with the nitrites, and a 
“ History of Hindu Chemistry.** He was 
first President of the Indian Chemical 
Society (1024-20). See J. Chem. Soc., 1040, 
210 . 

Rayleigh, John William Strutt, 3rd 
Baron Rayleigh (1842-1010). Strutt was 
born in Essex and educated at Trinity 
College, Cambridge. lie was appointed 
professor of physics, Cavendish Laboratory, 
Cambridge (1870), professor of natural 
philosophy, Royal Institution (1887), und 
Chancellor of the University of Cambridge 
(1008). A research worker on many 
physical problems, his accurate determina¬ 
tions of the density of nitrogen led to the 
search for the inert gnses and the discovery 
of argon. He was elected F.R.S. in 1873, 
and was one of the original holders of the 
O.M., instituted at the Coronation of 
Edward VII. In loot lie received the 
Nobel Prize for Physics. See Proc. Itoy. 
Soc., Vol. 08. 1020-1021. 

Raymond mill. See under Centrifugal 
grinders. 

Reaction velocity. The rate at which 
a chemical reaction takes place, as measured 
either by the rate of disappearance of the 
reactant molecules or by the rate at which 
the product is formed. Sec Mass action. 

Read, John (1884- ). Educated at 

London, Ziirich, Manchester,and Cambridge, 
Read was, in 1910, appointed professor of 
organic chemistry at the University of 
Sydney. In 1923 he became professor of 
chemistry and Director of the Chemical 
Research Laboratories, St. Andrews. Author 
of numerous books, his private investiga¬ 
tions include studies on the essential oils 
and stereochemistry. Hewaselcctcd E.R.S. 
in 1935. 

Realgar. A mineral of the composition 
As 2 S„ which occurs widely distributed and 
is used as a red pigment. It may be pre¬ 
pared artificially by distilling a mixture of 
sulphur and excess of arsenic. 

Recessed-plate press. Sec under Filter 
press. 

Reciprocal proportions, law of. This is 
a special case of the law of equivalent pro¬ 
portions (g.D.), and states that “ the weights 
of two or more substances which separately 
react chemically with identical weights of 
another substance arc also the weights 


which react with each other, or are simple 
multiples of them," e.g. 23 g. of sodium 
react with 35-5 g. chlorine to give sodium 
chloride; 23 g. sodium react with 1 g. of 
hydrogen to yield sodium hydride ; 35*5 g. 
of chlorine react with I g. of hydrogen to 
yield hydrogen chloride. 

Reclaim. A material made by “ dc- 
vulcanizing ** scrap or waste vulcanized 
rubl>cr. The processes used involve heat¬ 
ing the ground scrap or waste with acid, 
alkali, or oils. Reclaim is used as a com¬ 
pounding ingredient for rubber, as it acts 
as a softener ( q.v .), does not adversely affect 
the properties of the vulcanizate, and is 
generally cheaper than raw rubber. 

Recoil atom. When an atomic nucleus 
disintegrates the fragments receive equal 
momentum. In the case of a heavy 
nucleus emitting a light fragment, the 
heavy remnunt will recoil with a com¬ 
paratively low velocity. This residue is 
termed a recoil atom. 

Recrystallization. The process of re¬ 
peated crystallization, carried out with the 
object of removing some particular impurity 
by leaving it in the solution from which 
rccrystallization occurs, or of obtaining 
more satisfactory crystals of a substance 
which is already pure. 

Rectified spirits is a solution of ethyl 
alcohol in water and contains 90 % v,'v ethyl 
alcohol. I)JJ;J 0 832-0 835. Refractive 
index at 20*. 1 3645-1 3047. It is 57 80° 
over-proof. Made by dilution of 05 % 
ethyl alcohol with water. 

Rectifying column. See Fractionating 
column. 

Red gum, or eucalyptus kino, is the dried 
juice obtained chiefly from Eucalyptus 
rostrata. It is very similar in appearance 
and properties to kino, and is used for the 
same purposes. Its action, however, is 
somewhat weaker but more prolonged. 

Red lead. Sec Lead oxides. 

Redman, Lawrence Vincent (1880-1946). 
Bom at Oil Springs, Ontario, Redman was 
educated at Toronto, and went to the 
United States in 1910. In 1914 he was 
president of the Redmanol Chemical Pro¬ 
ducts Co., and in 1922 became vice- 
president and director of research of the 
Bakelite Corporation. His chief work was 
on phenol condensations. In 1932 he was 
president of the American Chemical Society. 

Red ochre. See Ochre. 

Redonda phosphate is a naturally oc¬ 
curring aluminium phosphate, A1P0 4 , con¬ 
taining 35-40 % of phosphorus pentoxide, 
which occurs in the West Indies. It has 
been used in the manufacture of phosphorus 
in the electric arc furnace. 
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Redox An abbreviation for oxidation- 

reduction, e.g. Redox potential - oxidation- 
reduction potential. 

Redox potential. See Oxidation-reduction 
potential. 

Reduction. Originally reduction was re¬ 
garded as a process in which hydrogen was 
added to a compound, or oxygen was 
abstracted from it. Now the term has a 
broader meaning, and includes processes 
in which the proportion of electronegative 
or acidic constituent of a compound is 
decreased, c.g. in the conversion of HgCI, 
to Hg.CL, or the charge on an ion is alge¬ 
braically decreased, e.g. Sn»**» to Sn'*, 
Fc(CN)"' to Fc(CN)"". Such processes may 
be carried out chemically, the reagents 
used being known ns reducing agents, or 
clectrolytically nt a cathode (electrolytic 
reduction). 

Reese, Charles Lee (1802-1040). Reese 
was born at Baltimore, Maryland. After 
studying nt the Universities of Virginia, 
Heidelberg, and Gottingen he pursued an 
academic career from 1880 to 1900, when 
he beenme chief chemist to the New Jersey 
Zinc Co. In 1002 he was appointed chief 
chemist of the Du Font Co., becoming 
chemical director in 1011 and retiring in 
1931. From 1017-1040 he was a director. 
He did much for the promotion and organiza¬ 
tion of industrial research and was president 
of the American Chemical Society in 1034. 
See J. /Inter. Chcm . Sac., 1040. 62, 1880. 

Refining in metallurgy is the removal of 
impurities from pure metal. This may be 
accomplished by several methods: furnace 
oxidation, electrolysis, chemically, distilla¬ 
tion, liquation, etc. : liquation means 
separating two components by supplying 
just sufficient heat to melt one of them. 

Reflux. Liquid resulting from a partial 
condensation of vapour which is returned 
to the top of a fractionating column and 
allowed to llow down the column counter¬ 
current to the vapour rising up the column. 

Reflux ratio. The ratio of the quantity of 
reflux returned to a column to the quantity 
of product withdrawn from the plant per 
unit time. This ratio is usually designated 
by R, and may vary from 0 to infinity. 

Reformatski reaction. Aldehydes and 
ketones react with a-bromo- and a-chloro- 
fatty acids in presence of zinc powder to 
give ^-hydroxy-acids. Recently it has been 
found that a-chloro-acids will react if copper 
powder is used in conjunction with zinc. The 
aldehyde or ketone is heated with the acid 
in solution in dry benzene; when the 
reaction is over the mixture is treated with 
cold dilute sulphuric acid and the benzene 
layer separated and distilled. 


Reforming. A process involving mild 
cracking of a gasoline to improve its anti¬ 
knock pro|>erties. 

Refractive index, specific. Sec Spccihc 
refractivity. 

Refractory materials, a general term for 
materials which arc not damaged by 
heating them to 1500° in a clean (oxidizing) 
atmosphere. Acid refractory materials 
include fireclays, flint clays, china clays 
(kaolins), silica, flint, chalcedony, ganistcr, 
and titanium oxide. Neutral refractory 
materials include graphite, charcoal, coke, 
chromite, various carbides, and carboxidcs. 
Basic refractory materials include lime, 
magnesia, various materials composed chiefly 
of alumina (bauxite, diaspore, lateritc, 
gibbsite, etc.), dolomite, and most of the 
rarer refractory oxides, particularly zirconia. 

To be satisfactory when in use, a refrac¬ 
tory material must not only be undamaged 
by heating it to or maintaining it at a high 
temperature ; it must also resist the 
abrasive action of flue-dust, the contents 
of the charge of the furnace, the corrosion 
of slag, hot gases, flames, etc., and move¬ 
ment of the various parts of the structure. 
Sec Seurlc, “ Refractory Materials : Their 
Manufacture and Uses.” 

Regnault. Henri Victor (1810-1878). Born 
at Aix-la-ChapcIlc, Rcgnault worked for a 
number of years in a drapery establishment 
in Paris. In 1820 he entered the ficole 
Poly technique, and in 1832 the ficole des 
Mines. After studying under Liebig, he 
was appointed professor of chemistry at 
Lyons and, in 1840, received a similar 
appointment at the ficole Poly technique, 
Paris. In 1834 he became Director of the 
Porcelain Manufactory, Sevres. Apart from 
his organic researches, Rcgnault was noted 
for the accuracy with which he measured 
specific heats and heats of fusion and 
vaporizat ion. 

Regnault’s method for determining the 
density of gaseous substances. 

This method consists in weighing a 
known volume of a gas under definite 
conditions of temperature and pressure. 
The gas is usually accommodated in a 
large glass globe (2 to 30 litres) which is 
first weighed empty (evacuated) and then 
full of the gas at a known pressure and 
temperature. 

Regular system. See Cubic system. 
Reichert-Meissl value. The Reichert- 
Meissl value of a fat is the number of cubic 
centimetres of 01 -N potassium hydroxide 
required to neutralize the fatty acids volatile 
in steam in 5 grams of fat. 

Reid, Ebenezer Emmet (1872- ). Born 

at Fincastle, Virginia, Reid was educated 
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at Richmond College and the Johns Hopkins 
University. With the exception of a short 
period ns research chemist to Colgate & Co., 
he has pursued an academic career, be¬ 
coming associate professor of organic 
chemistry at the Johns Ilopkins University 
in 1014, and retiring as professor-emeritus 
in 1937. His work includes researches on 
the acid amides, esterification, and organic 
sulphur compounds. 

Reinecke’s salt. Ammonium tetrathio- 
cyanatodiammine chromite, 

NH 4 [Cr(NH,),(SCN) 4 ]. 

crystallizes in rose-coloured plates. Moder¬ 
ately soluble in warm water. Prepared by 
adding ammonium dichromate to fused 
ammonium thiocyanate and extracting 
the cold mass with cold water. The in¬ 
soluble residue is crystallized from water 
at 50°. Decomposes in water above this 
temperature. Forms sparingly soluble 
compounds with some organic bases. Used 
for the isolation of proline, histidine, 
creatinine, and other organic bases. 

Relative abundance ol isotopes. The 
different isotopes of an element as it occurs 
naturally arc present in certain proportions, 
which may be expressed in percentages 
or ns an abundance ratio, c.g. ordinary 
carbon is made up of 09-3 % of the isotope 
of mass 12 and 0-7 % of the isotope of 
mass 13: the abundance ratio is 093:07, 
or 142 : 1. 

Remsen, Ira (184G-1927). Kcmscn was 
born in New York City. His early educa¬ 
tion was received in the Free Academy, 
now the College of the City of New York. 
For a time he studied medicine at Columbia 
University, but, in 1807, he proceeded to 
Germany to study chemistry under Volhard, 
and later Fittig. Returning to America in 
1872, Remsen was appointed professor of 
physics and chemistry at Williams College. 
In 1870 he went to Johns Hopkins Univer¬ 
sity, where he established the American 
Chemical Journal, later incorporated with 
the Journal of the American Chemical 
Society. In 1001 Remsen was appointed 
President of the Johns Hopkins University. 
Most of his research work was upon 
problems arising out of his early investiga¬ 
tion on the oxidation of p- and o-sulpho- 
bcnzoic acids. See J. Chem. Soc., 1927, 
p. 3182. 

Rennin, rennet, also called Chymasc, is 
the enzyme of the lining membrane of the 
stomach which possesses milk-clotting pro¬ 
perties. It occurs with pepsin, but differs 
from it, having no power to digest egg- 
white ; it is a thioproteose. One part will 
coagulate 4A million parts of milk in 10 


minutes. It is widely used in making 
cheese. 

Reserve acidity and alkalinity. A buffer 
solution (q.v.) is sometimes referred to as a 
solution with reserve acidity or alkalinity. 

Resin. An organic or si I ieo-organic 
material characterized by high molecular 
weight, usually by variation in the weights 
of the molecules which comprise it and by 
its gummy or tacky consistency at certain 
temperatures. Natural resins occur in 
fossil form (congo copal and bitumen) as 
vegetable products (rosin) and arc derived 
from insects (shellac). Synthetic resins 
inay be prepared from phenols and alde¬ 
hydes, amino materials and aldehydes, nnd 
from certain cthenoid materials by poly- 
mcrization. 

Resit. The final insoluble, infusible, 
cured phenol-formaldehyde resin. 

Resitol. The intermediate stage of a 
phenol-formaldehyde resin in which it 
softens to a gel on heating but does not 
flow freely and is swelled by some solvents, 
but is not dissolved. 

Resol. The initial soluble, fusible stage 
of a one-stage phenol-forinnldehydc resin. 

Resonance. In the optical sense the 
term “ resonance” refers to the absorption 
by n system of radiation which it is capable 
of emitting. Mercury vapour, for example, 
when suitably excited in an electrical dis¬ 
charge, will emit light of wave-length 
A 2530 a. This same light is very readily 
absorbed by mercury vapour, nnd the 
energy so absorbed may be utilized in 
producing photochemical reactions. This 
process is analogous to acoustic resonance. 

The term resonance has ulso been applied 
to a recent conception in connexion with 
the theory of valency. The general idea of 
resonance in this sense is that if the valency 
electrons in a molecule arc capable of 
several alternative arrangements which 
differ by only a small amount in energy, 
then the active arrangement will be a 
hybrid of these various alternatives. Sec 
Mcsomerism. 

Resorcin brown. This primary disazo-dye- 
stuff is the sodium salt of xylidincazosul- 
phanilicazoresorcin. It is a brown powder, 
soluble in water and sulphuric acid, forming 
a brown solution. Dyes wool brown in an 
acid bath. 

Resorcinol, C,H,0,. Large colourless 
needles (from benzene), M.P. 

110°, B.P. 270-5°. Very readily 
soluble in cold water. Aqueous 
solution gives dark violet colora¬ 
tion with ferric chloride, reduces 
Fehling's solution and ammonia- 
cal silver nitrate, and with bromine water 


OH 
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gives a voluminous precipitate of tribromo 

resorcinol. . . 

It can be obtained by caustic potash 

fusion of many resins. Prepared by fusion 
of m-benzenedisulphoiuc acid with caustic 
soda also obtained to some extent in the 
caustic soda fusion of o- and p-benzene- 
disulphonic acids. 

It is extensively used in the preparation 
of colouring matters. Combines with di- 
azonium salts to form oxyazo-colourmg 
matters. Gives rise to fluorescein dyes on 
fusion with phthalic anhydride. 

Respiratory pigments. A group of pig¬ 
ments, of which hamoglobin is the most 
important member, which act as oxygen 
carriers in living organisms. They can be 
subdivided into the respiratory carriers, 
which carry oxygen from the respiratory 
organs to the tissues, and the respiratory 
catalysts, such as cytochrome, which are 
concerned with the respiratory activity of 
the cells. Other respiratory pigments arc 
hicmocyanin, hicmerythrin, actinioh*matin, 
helieorubin, and chlorocruorin. 

Retene, C„H„. 

CII, 

eh 

Forms faintly yellow platc-likc crystals, 
M.p. 101°, B.P. 300°. Soluble in benzene, 
insoluble in water. It occurs in the high 
boiling tar-oils from resinous pine wood and 
is the chief constituent of certain fossil 
resins of conifene. It is produced when 
abictic acid is dehydrogenated. 

Reverberatory furnaces. There arc 
numerous types, but the characteristics arc 
a shallow hearth of large area and a low 
arched roof from which the heat contained 
in the hot products of combustion is reflected 
or “ reverberated ” down on to the charge. 

Reversible process. A reversible change 
(process) is one which can be caused to 
proceed in either direction at will by an 
infinitesimally small alteration in one of 
the conditions controlling the equilibrium 
(pressure, temperature, concentration). 
Thus, if a minute alteration in pressure 
shifts the position of equilibrium, restora¬ 
tion of the pressure to its original value also 
restores the position of equilibrium exactly 
to its original position. An irreversible 
change is one in which a slight alteration 
in the conditions results in a complete and 
sometimes catastrophic change in the 
equilibrium, which cannot be brought back 
to its original position by the restoration 
of the conditions to their original values. 
A reversible change corresponds to a change 


in a body from a position of stable equili¬ 
brium ; an irreversible change corresponds 
to a movement from a position of unstable 
equilibrium. All spontaneous chemical re¬ 
actions are irreversible, e.g. the union of 
gaseous hydrogen chloride and ammonia. 

A typical example of a reversible reaction 
is the dissociation of calcium carbonate 
in a closed vessel: CaCO, CaO + CO a . 

At a given temperature there is a given 
pressure of carbon dioxide in equilibrium 
with lime and undissociatcd calcium car¬ 
bonate. A slight increase in the pressure 
(e.g. induced by pushing a piston into the 
vessel) causes a small amount of the 
carbon dioxide to react with some lime. 
If the pressure is now restored to its original 
value, the calcium carbonate is at once 
dissociated so that the conditions in the 
vessel are identical once more with those 
obtaining before the application of the 
pressure. 

Revertex. A brand of concentrated 
latex. 

Revultex. A brand of vulcanized or 
partially vulcanized latex. 

Rey, Jean, published in 1630 an essay, 
“ Sur la Recherche dc la cause pour Inquellc 
I'Etain & le Plomb augmentent dc poids 
quand on les calcine." 

Reynolds, James Emerson (1841-1020). 
Bom at Booterstown, Co. Dublin, Reynolds 
became keeper of the minerals at the 
National Museum, Dublin, in 1807 and 
professor of chemistry at the Royal College 
of Surgeons in the same city in 1870. From 
1875 to 1903 he occupied the chair of 
chemistry at Trinity College, then going to 
London to continue his researches in the 
Davy-Faraday Laboratory. Reynolds was 
President of the Society of Chemical In¬ 
dustry (1891) and the Chemical Society 
(1901-3), and a Vice-President of the Royal 
Society (1901-2). He wrote many papers 
on silicon compounds and discovered 
thiourea. 

rH. The logarithm of the reciprocal of 
the partial pressure of hydrogen in equili¬ 
brium with a system, thus 

rH - log i. 

It has a significance in redox reactions 
analogous to that of pii in neutralization 
reactions. 

Rhamninose, C,jII 34 0 14 , is a trisaccharidc 
composed of galactose joined to two rham- 
nose units. It is derived from the glycoside 
of Persian berries, xanthorhaninin. The 
crystals have M.P. 135% [x] b — 41°. The 
galactose is at one end of the compound ; 
it is isomeric with robinose. 
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L-Rhamnose, C e H,,0 4 , is a constituent of 
many glycosides, and is widely distributed 
in plants, particularly in combination with 
flavonol derivatives and in saponins. It 
crystallizes with a molecule of water, M.P. 
0t° ; unhydrous, M.P. 122’. As a methyl- 
pentose it has the formula 

OH 011 II II 

CH, • C • i • i • C • CHO 


It shows the usual carbohydrate reactions 
and most resembles mannose in behaviour; 
it exists in a and /? forms which exhibit 
mutarotation. It is not fermentable. 
Neither its mode of origin nor biological 
significance in the plant is os yet understood. 
(Sec Armstrong's " Carbohydrates.”) 

Rhatany root. Sec Kramcria. 

Rhenium, Re. At. no. 75, At. wt. 180 31. 
A metullic element (M.P. 3440°, density 
21-4), which is chemically allied to man¬ 
ganese. It occurs in gadolinitc, columbitc, 
and other minerals. A convenient source 
is molybdenite which contains several 
parts per million of rhenium; it is also 
isolated as a by-product in the metallurgy 
of copper. The metal forms at least four 
oxides, Kc, 0 7 , ReO„ ReO„ and Rc,0,. 
The heptoxide, Rc t O v , is a volatile yellow 
crystalline powder and is formed when 
the metal or its compounds is heated in 
air. It dissolves in water, forming per- 
rhenic acid, from which metallic perrhenates 
limy be prepared. The perrhenatc ion 
differs from the permanganate ion in being 
colourless. Reduction of ammonium per- 
rhenate in hydrogen gives the dioxide, 
RcO„ although perrhenates are less readily 
reduced than nrc permanganates. Hydro¬ 
gen sulphide precipitates the sulphide 
Rc a S T from perrhenatc solutions. The 
disulphide, ReS„ is formed by heating the 
heptasulphide. The chief valencies of 
rhenium arc 3, 4, 5, G, and 7, and the higher 
valency states arc considerably more stable 
than in the ease of manganese. 

Rheopexy. The regelation of some thixo¬ 
tropic (q.v.) sols may be accelerated by 
gentle mechanical treatment. This pheno¬ 
menon was termed rheopexy by Freundlich. 
An example is given by a gypsum water 
paste which, if left to itself, solidifies in 
about 10 minutes, but when gently rotated 
between the palms of the hands or tapped 
softly, sets in a few seconds. Vanadium 
pentoxide sol exhibits the same behaviour. 

Rhodallin. See Allylthiourea. 

Rhodamines are dyestuffs which may be 
regarded as fluorescein derivatives in 
which the hydroxyl groups arc replaced 


by amino- or substituted amino-groups. 
Rhodamines arc manufactured by con¬ 
densing phthalie anhydride with sub¬ 
stituted aminophcnols. Rhodamine-fi and 
rhodamine-S arc salts (e.g. the chlorides) 
of the bases obtained by substituting 
* >, ’(C|II 1 ) 1 and N(CHj)„ respectively, for 
each of the hydroxyl-groups in fluorescein. 
Rhodamines dye silk and wool a bluish- 
red colour; they are less suitable for 
dyeing cotton, although esters of rhodamine 
salts may be used as cotton dyes. 

Rhodinal. See Citroncllal. 

Rhodinol. Sec Citronellol. 

Rhodium, Rh. At. no. 45, At. wt. 102-91. 
Rhodium is a hard, white metal having the 
face-centred cubic structure. Its sp. gr. is 
121, and values ranging from 1907° to 
1970° have been given for the M.P. It is 
not attacked by any acid; even aqua 
regia has no action ; and on henting in air 
it is only superficially attacked unless 
very finely divided, when it slowly forms 
the sesquioxide. Chlorine attacks it above 
250’, but it is most easily brought into 
solution as the sulphate, by fusion with 
KHS0 4 . In its compounds it is usually 
tervalent. It is one of the rarer of the 
platinum metals, but has been used of 
late as a protective coating (by electrode- 
position) for silver articles. In an alloy 
with platinum it is used also for the con¬ 
struction of thermocouples. 

Rhodium alums. By crystallizing solu¬ 
tions containing Rh t (S0 4 ) 3 and sulphates 
of univalent metals a series of yellow alums 
may be obtained. The least soluble, and 
therefore most easily prepared, is the 
cscsium alum, Cs s S0 4 , Ith 3 (S0 4 ) 3 , 2411,0. 

Rhodiumammines. A large number of 
stable ainmino compounds of tervalent 
rhodium arc known. They arc mostly 
white or yellow, and closely resemble the 
cobaltammincs, but arc even more stable. 
The principal types arc the hexammine 
series, [Rh(NH s ) 4 ]X„ the aquopentamminc 
series, (Rh(NH 3 ) 4 (H,0)]X 3 , and the acido- 
pentammine series, (Rh(NH,) 4 X]X„ where 
X represents a univalent acidic radical. 
The corresponding compounds in which 
NH, is replaced by organic amines are also 
known. 

Rhodium chloride. Only one simple 
chloride exists, RhCl 3 . The anhydrous 
substance is formed by direct union of the 
elements at about 300°, or by dehydrating 
the hydrated salt in a current of chlorine 
at about 400°. It is a red powder, insoluble 
in water or acids, and at bright red heat it 
decomposes into its elements. Although 
the anhydrous chloride is insoluble, solu¬ 
tions containing RhCl 3 can be prepared by 
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the usual wet methods, and when these arc 
evaporated a soluble hydrated form is 
obtained. This is an amorphous deliques¬ 
cent substance whose composition does not 
correspond with that of any definite 
hydrate. It gradually loses water when 
heated, finally yielding the insoluble anhy¬ 
drous salt. 

Rhodium chlorides, complex. Two series 
of stable complex chlorides exist, the hexa- 
chlororhodites, M«,RhCl„ and the penta- 
chlororhodites, M> a RhCI,. They are formed 
by mixing their constituents in solution. ( 
and the conditions and their relative solu¬ 
bilities determine which type is formed. 
They arc dark red crystalline substances, 
some of which arc anhydrous whilst others 
have varying amounts of water of crystal¬ 
lization. 

Rhodium -detection and estimation. See 
Platinum metals. 

Rhodium fluoride, RhF„ is a red crystal¬ 
line substance formed by direct union of the 
elements at 500°. It is insoluble and very 
resistant to acids. 

Rhodium oxides, Rh,0 4 , Rh,0,. RhO,, 
RhjOj, and RhO, have all been described, 
and also hydrated forms of Rh.O, and 
RhO,. 

Rh,0„ 5H,0 is precipitated from solu¬ 
tions of rhodium salts by alkalis (excess 
being avoided). It is red at finit. but 
becomes yellow on standing or washing, and 
when freshly precipitated is readily soluble 
in both acids and alkalis. On being heated 
it loses water and oxygen, forming black 
insoluble Rh,0 4 . Anhydrous Rh,0, is ob¬ 
tained by heating the finely-divided metal 
in air or oxygen. 

Anhydrous RhO, is a brown powder 
formed by the action of oxidizing melts on 
the metal. It is insoluble in acids or alka¬ 
lis. A green hydrated form, RhO,, 2H,0 
or Rh(OH) 4 , is formed by the action of alka¬ 
line oxidizing agents on solutions of rhodium 
salts. It dissolves in HCI, forming RhCI, 
and chlorine. 

Continued action of chlorine on alkaline 
solutions of rhodium salts is said to form 
Rh,O s as a green precipitate, and a blue 
solution remains which is believed to contain 
alkali rhodates such as Na s RhO t , and from 
this solution RhO, is precipitated by UNO,. 
It is a blue precipitate having strong 
oxidizing properties. 

Rhodium salts. The simple salts of 
rhodium, obtained by dissolving hydrated 
Rh,0, in the appropriate acid, are yellow 
or red in colour. Their solutions arc easily 
hydrolysed, and sometimes exhibit anom¬ 
alous ionization recalling the behaviour of 


Ribbon 

the chromium salts. As a rule they arc less 
stable than complex salts in which rhodium 
is present in a complex ion. These in¬ 
clude rhodinitrites, such as the sparingly 
soluble K,Rh(NO,)„ and rhodicyanidcs, 
M«,Rh(CN) # . and also complex chlorides 

Rhodium sulphate, Rh,(S0 4 ),. The anhy¬ 
drous salt is obtained as a brick-red powder 
by evaporating to complete dryness a solu¬ 
tion of the hydrated sesquioxide in sulphuric 
acid. It is not very soluble in water, and 
the solution is hydrolysed on dilution. By 
precipitation from solution with alcohol, 
Rh.(S0 4 )„l 511,0 is obtained as yellow 
crystals. A number of other hydrates are 
known. Solutions of the yellow higher 
hydrates ionize normally, but the lower 
hydrates (4H,0 or less) are red, and their 
solutions do not give the normal reactions 
for rhodium or sulphate ions. 

Rhodium sulphides. By the action of 
HjS on solutions of rhodium salts, Rh(SII), 
is formed os a blaek precipitate. When 
this is heated <o the boiling-point with 
excess of the rhodium solution, Rh,S, is 
slowly formed, and can also be prepared in 
the dry way. It is a black powder and is 
very inert, even aqua regia or bromine 
having no action on it. A number of other 
sulphides have been described as being 
formed by direct union of the elements at 
high temperatures, but according to the 
most recent work (Juza, Bill/., cl «/., Z. 
anorg. Chcm., 1030), the only definite com¬ 
pounds arc Rh,S 4 . Rh,S 4 , Kh,S„ and Rh,S,. 
They are all grey-black inert crystalline 
substances. 

Rhodoporphyrin. Sec Porphyrins. 

Rhombic system. See Orthorhombic 
system. 

Rhombohedral system. One of the seven 
crystal systems, comprising crystals refer¬ 
able to a rhombohedral unit cell and there¬ 
fore referred to three equal axes (of length 
a) equally inclined to one another at an 
angle (not 90°). Examples of rhombohedral 
crystals include: cnlcite, NaNO„ and arsenic. 
Sec Crystal structure and Crystal sym¬ 
metry. 

Rhubarb is the dried rhizome of Itheum 
pal mat um, cultivated in China and Tibet. 
Rhubarb is a valuable stomachic and 
aperient; it also |>ossesscs astringent 
properties. The powdered drug is ad¬ 
ministered along with powdered ginger 
and magnesium carbonate as compound 
rhubarb powder, also known as Gregory 
powder, for digestive disorders, particularly 
in children. 

Ribbon agitator. See Spiral agitator. 
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Ringer’s Solution 


Riboflavin, C 17 H ao O # N 4 , 

CO N Cl I 
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HN C C CCII, 
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11 , 

II- C* Oil 
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CH.OH 


It crystallizes in orange needles, M.P. 271°, 
with decomposition. Soluble in water. 

[<xJ D - 0 - 80 °. 

Riboflavin is that part of the original 
vitamin-B t complex which stimulates the 
growth of rats. It acts as the prosthetic 
group of Warburg's yellow respiratory 
enzyme, cytojlavin, which is a component 
of many dehydrogenase systems. It occurs 
widely distributed in nature, particularly 
in yeast, liver, milk, and white of egg. 
It is prepared commercially by a method 
starting from burbituric acid. 

n-Ribose, C 4 II l0 O 4 , is to-day in the fore¬ 
front of interest as the pentose sugar con¬ 
stituent of the nucleosides of plants and 
animals. It has M.P. 80°, [aJ D — 19-5°, 
and possesses the somewhat unusual struc¬ 
tural formula : 


I II II 

CH,(OH) • • • • CHO 

OH OH OH 


It is regarded as having a furanose ring struc¬ 
ture (see Armstrong's “ Carbohydrates '’). 
It is also the sugar of riboflavin. 

Richards, Theodore William (1868-1928). 
Born in Germantown, Pennsylvania, 
Richards began his education at Haverford 
College before proceeding to Harvard. 
Later he studied under V. Meyer and Nernst 
(Gottingen) and Ostwald (Leipzig). In 
1901 he was appointed professor at Harvard, 
where in 1912 he became Erving professor 
of chemistry. Richards and his pupils 
determined the atomic weights of twenty- 
five elements. In addition he made many 
investigations in thermo-chemistry. He 
received the Davy medal (1910), the Faraday 
medal (1911), the Willard Gibbs medal (1012), 
and the Nobel Prize in Chemistry (1915). 
See Chem. Soc. Mem. Lect., 1930, p. 1937. 

Richter, Hieronymus Theodor (1824- 
1898). Born at Dresden, Richter became a 


metallurgical chemist, and later Director 
at the Freiberg School of Mines. An 
authority on blowpipe analysis, he observed 
the spectral lines of indium and, with 
Reich, isolated the metal. 

Ricin. A protein, l>clonging to the 
albumin class, found in seeds of the castor- 
bean. It is poisonous, causing agglutination 
of the red blood corpuscles. See “ The 
Vegetable Proteins," by Osborne. 

Ricinoleic acid, C l4 H, 4 O s . 

CII, • (CII,]* • CHOH • CH, • CH : 

CM • (CH,J, • COOII. 

An oil, B.P. 220°-228°/10 mm. Soluble in 
alcohol and ether, (a]J? -f 5 05°. It occurs 
in the form of glycerides as the principal 
constituent of castor oil. 

Rideal, Eric Keightley (1890- ). 

Educated at Oundle, Cambridge, and Bonn, 
Rideal was professor of colloid science at 
Cambridge University from 1930 to 1940, 
when he was appointed Fullcriun Professor 
of chemistry at the Royal Institution. 
His researches include studies in colloid 
chemistry, catalysis, and surface chemistry. 

Rideal-Walker test. A method for deter¬ 
mining the germicidal power of a dis¬ 
infectant. Similar quantities of n strain 
of It. typhosus arc submitted to the action 
of varying concentrations of phenol and 
of the disinfectant to be tested. The dilu¬ 
tion of the disinfectant which sterilizes 
the suspension in a given time is divided 
by the dilution of phenol which sterilizes 
it in the same time, and the result expressed 
as a phenol coefficient. Full details of 
the procedure are laid down in the British 
Standards Specification, No. 541, 1934. 

Riley, Harry Lister (1899- ). Riley 

was bom at Keighley, Yorkshire, and 
educated at the Royal College of Science, 
London, where he held the Beit Scientific 
Research Fellowship from 1921 to 1923, 
and was demonstrator and lecturer until 
1932. In that year he was appointed 
professor of inorganic and physical chem¬ 
istry at King’s College, University of Dur¬ 
ham, and Honorary Secretary and Director 
of Research to the Northern Coke Research 
Committee. 

Ringer’s solution. A physiological saline 
solution isotonic with the serum of frog’s 
blood and used for perfusion and tissue 
culture experiments. Its composition is 
7 gms. sodium chloride, 

01 4 gm. potassium chloride, 

0 12 gm. calcium chloride, 

0-2 gm. sodium bicarbonate, 

dissolved in 1 litre of distilled water. 
Ix>cke’s modification of this (Ringer-Locke 
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Roman 


solution) is isotonic with mammahan blood 
scrum, and is used as a pectus,on flu.d .n 
mammalian experiments and for inject,on 
H, certain diseases. Its compos,t.on ,s 

9 gms. sodium chloride, 

0 42 gm. potassium chloride, 

0-24 gm. calcium chloride, 

0-5 gm. sodium bicarbonate, 

10 gm. glucose, 

dissolved in 1 litre of distilled water 

Ring roll pulverizer. In this mill a 
rntatimr bull ring is earned on a horizontal 
haft Against the inner surface of the bull 
ring press three roller grinding heads, each 
mounted on a separate shaft and free to 
rotate. Each of these rollers is adjustable 
for closeness of contact with the bull nng. 

Material to be ground is fed in from a 
hopper at the top of the mill, is flung out¬ 
wards against the bull ring by centrifugal 
force, and after grinding is discharged at 
the bottom. 

Rittinger’s law. This law is based on 
the assumption that the energy consumed 
in a crushing process is proportional to the 
surface sheared. If a cube of side D is to 
be reduced to a number of cubes of side d, 
we have 


H p 


'(hi) 


where C is an arbitrary constant which 
must be determined experimentally for a 
given set of conditions. 

Roasting in metallurgy is defined as 
heating with excess of air and so is an oxida¬ 
tion process. It should not be confused 
with calcining which is simply a decom¬ 
position process as in the preparation of 
lime from limestone. If a sulphide is 
roasted to a sulphate the operation is often 
referred to as a sulphurizing roast; while a 
chloridizing roast means treatment, generally 
with sodium chloride, producing the chloride. 

Robertson, Sir Robert (1869- ). Bom 

at Cupar, Robertson was educated at Madras 
College and the University, St. Andrews. 
He was appointed chemist. Royal Gun¬ 
powder Factory (1892), Director of Ex¬ 
plosives Research, Woolwich (1907), and was 
Government chemist from 1921 till 1936. 
His researches have been chiefly upon ex¬ 
plosives and absorption spectra in the infra¬ 
red. He was elected F.R.S. in 1917 and 
knighted in 1918. 

Robinose, C„H 34 O l4 , is isomeric with 
rhamninose ; the galactose unit is in the 
middle of the two rhamnose units. It is 
derived from a glycoside robinin. The 
sugar is hygroscopic, [a] D + 1-9°. 

29 


Robinson, Sir Robert (1886- ). A 

graduate of Manchester University, 
Robinson was appointed professor of 
organic chemistry, Sydney (1912) and 
Liverpool (1915), Director of Research, 
British Dyestuffs Corporation, Ltd. (1920), 
professor of chemistry, St. Andrews (1921), 
professor of organic chemistry, Manchester 
(1922), University College, Ixmdon (1928), 
and Waynflete professor of chemistry, 
Oxford (1930). Longstaff medallist and 
Davy medallist, his researches in organic 
chemistry cover a wide field, including 
studies in the alkaloids and phenanthrene 
derivatives. He was President of the Chem¬ 
ical Society, 1939-41, and was elected 
President of the Royal Society in 1945. He 
was knighted in 1939, and awarded the 
Nobel Prize for chemistry for 1947. 

Robison, Robert (1883-1041). Born at 
Newark-on-Trent, Robison was educated at 
Nottingham and Leipzig. In 1909 he 
became lecturer and demonstrator in 
chemistry at University College, Galway, 
and in the following year returned to 
Nottingham in a similar capacity. In 1913 
he went as assistant biochemist to the 
Lister Institute, where he became head of 
the Department of Biochemistry in 1931 
and professor of biochemistry in the Uni¬ 
versity of Ixmdon. He was elected a 
Fellow of the Royal Society in 1930 and 
in 1931 was Hertcr Lecturer at New York 
University. He published a monograph 
on phosphoric esters in metabolism and 
numerous papers. Sec Chcm. Soc., 

1942, 67. 

Robison ester, glucopyranosc-fl-mono- 
phosphatc. 


HO 



C—CH.O • POjIIj 


An ester first isolated from fermenting 
yeast press juice and also present in muscle. 
Rochelle salt. See Sodium potassium 


tartrate. 


Rock crystal. See Quartz. 

Rock salt, NaCI, usually occurs in cubes. 
It is found chiefly in Prussia and Poland. 
Hardness 2J. See Sodium chloride. 

Rod mill . Sec Ball mill. 

Roman cement, a hydraulic cement made 
by calcining a natural mixture of clay and 
calcium carbonate which contains these 
substances in suitable proportions. It was 
erroneously supposed to be identical with 
the cement used by the Ancient Romans. 
It may be regarded as a crude Portland 
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cement, with the important difference that 
whilst the composition and properties of 
Portland cement arc maintained constant 
within very narrow limits so as to conform 
to the tests stipulated in a Standard Speci¬ 
fication, Homan cement is made under 
conditions which do not permit such con¬ 
trol, and the product is, therefore, much 
more variable in its properties. In this 
country its place has been almost com¬ 
pletely tuken by Portland cement. 

Rontgen, Wilhelm Konrad von (1845- 
1023). Born at Lenncp, Kontgen was 
educated in Holland and at Zurich. Later 
he studied at Wurzburg and Strasburg. 
He was appointed professor of mathematics 
at Hohcnheim (1875), Strasburg (1870), 
Physical Institute, Giessen (1870), and 
Wurzburg (1885). It was at Wurzburg 
that he noted the production of Rontgen 
rays or X-rays, when cathode rays arc 
brought to a focus and allowed to impinge 
on a plate of a dense metal such as platinum, 
lie was awarded the Hu info rd Medal of the 
Royal Society in 1890 and the Nobel Prize 
for Physics in 1001. 

Rontgen rays. X-rays were discovered 
by Rontgen in 1895, and arc often termed 
HOntgcn rays in his honour. 

Roozeboom, Hendrik Willem Bakhuis 
(1854-1907). Koozcboom was bom at 
Alkmar and worked for several years in a 
butter factory before he accepted, in 1878, 
an invitation to become assistant to Jacob 
Maarten van Bemmclen, professor of 
chemistry at Leiden. Here he pursued 
his studies in chemistry and graduated in 
1884. In 1890 he succeeded van’t Hoff as 
professor of general chemistry in the Uni¬ 
versity of Amsterdam. He introduced 
into chemistry the ** Phase Rule,” pre¬ 
viously deduced by Willard Gibbs on thermo¬ 
dynamical grounds. 

Roscoe, Sir Henry Enfield (1833-1915). 
Born in London, Roscoe studied chemistry 
under Graham and Williamson at London 
and under Bunsen at Heidelberg. In 
1857 he succeeded Frankland as professor 
of chemistry at Owens College, Manchester. 
He was elected F.R.S. in 1803 and knighted 
in 1884. In 1885 Roscoe was elected a 
member of Parliament and served on many 
educational and scientific committees and 
commissions. He was sworn a member of 
the Privy Council in 1909. Roscoe isolated 
the element vanadium in 1869. See “ Life 
of Henry Enfield Roscoe," by Thorpe (1916). 

Rosengarten, George David (1869-1936). 
Bom at Philadelphia, Rosengarten was 
educated at the Universities of Pennsyl¬ 
vania and Jena. He was with Rosengarten 
& Sons from 1893 to 1905, being vice¬ 


president 1901-1905, and from 1905 to 
1927 was vice-president of the Powers- 
Weightman-Roscngartcn Co., retiring when 
this company was merged with Merck & Co. 
He was President of the American Chemical 
Society in 1927. 

Rose’s metal. Sec Lead ulloys. 

Rosin. Rosin or colophony is the residue 
left after removing the volatile oils from 
crude oil of turpentine by steam distillation. 
It is composed mainly of abictic acid. It 
is a very brittle solid that breaks with a 
glassy fracture. It is insoluble in water, 
but when dissolved in alkalis forms “ resin 
soap," which is used as an adulterant in 
cheap soaps. It may also be modified with 
glycerol to give rosin ester. 

Rosin ester. Rosin (colophony) is cstcri- 
fied, usually with glycerin, to give a pro¬ 
duct known as rosin-ester or ester-gum, 
of acid value usually 5 to 10. Improved 
rosin esters are obtained by incorporating 
special phenolic resins during the esterifica¬ 
tion process. Rosin-ester resins arc used 
in the manufacture of paints, varnishes, and 
enamels. 

Rotary filter. The rotary filter consists 
essentially of a drum, the cylindrical 
surface of which is a filter medium of a 
suitable type, which rotates slowly with 
the lower portion immersed in a trough 
containing the slurry to be filtered. During 
the greater part of the revolution a vacuum 
is maintained inside the drum, the rate of 
rotation being such that the required 
thickness of cake is built up during the 
period of immersion. During that part of 
the cycle when the surface is not immersed 
in the slurry trough the cake is first sucked 
dry of filtrate, then w-ashed by water sprays 
and the wash water also removed by 
vacuum. Finally the cake is loosened by 
blowing in compressed air or steam and 
removed from the drum by a doctor blade. 

This cycle of operations, which is typical 
of both the Oliver and Rovac types of 
rotary filter, is made possible by the use 
of a special type of rotary valve, having 
a series of ports which can be adjusted to 
control the proportion of the time of re¬ 
volution occupied by each part of the filter 
cycle. 

Rotational bands. See Rotational spec¬ 
trum. 

Rotational spectrum. When energy is 
absorbed by a molecule it may increase 
the rotational energy of the molecule as 
a whole (see Band spectrum). Conversely, 
the transition from a state of higher to 
one of lower rotational energy corresponds 
with the loss of energy, which may be 
emitted in the form of light, corresponding 
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in frequency, v, with the energy liberated, 
E, by the relationship E = hv (sec 
Quantum hypothesis). The lines in a 
molecular spectrum due to such rotational 
transitions give rise to characteristic bands 
known as rotational bands, and taken 
together make up the rotational spectrum 
of the molecule. Rotational transitions 
are associated with much less energy than 
electronic or vibrational transitions, and 
hence the frequency of the emitted light 
is small, and the bands occur far in the 
Infra-red. 

Rotational transition. Sec Rotational 
spectrum. 

Rotatory power, specific. The specific 
rotatory power of a pure liquid is given by 
the expression 



[a]{> is the specific rotatory power at a 
temperature t and for the sodium D line, 
and a is the rotation of the plane of polariz¬ 
ation produced by a column of liquid of 
length l (decimeters) and density d. For 
solutions the expression becomes 




100a 

Ic 


where c is the concentration of solute in 
grams per ml. The molecular rotation is 
defined by 


I m 1d 


MW 

100 


where M is the molecular weight. 
Rotenone, C,,H. t O«. 



H— 


C / CH * 
^CH, 


White crystals, M.P. 163°. Insoluble in 
water, soluble in inorganic solvents. 
Readily oxidized in presence of air and 
light to dehydrorotenonc. It occurs with 
other related compounds in Dcrris and 
Lonchocarpus, from which it is obtained 
by extraction with chloro-organic solvents. 
It is a strong but slowly acting insecticide. 

Rotex screen. Sec Vibrating screens. 

Rouelle, Guillaume Francis, 1703-1770, the 
elder brother of II. M. Rouelle, was demon¬ 
strator to Bourdelin at the Jardin du Roi, 
Paris, from 1742 to 1708. 

Rouelle, Hilaire Marin, was bom at Caen 
in 1718, and demonstrator to Bourdelin and 


Macquer at the Jardin du Roi, Paris, from 
1770 until his death in 1770. 

Rouge. A finely divided form of ferric 
oxide, Fe,0„ generally prepared l>v heating 
ferrous sulphate, and used for polishing 
purposes and in cosmetics on account of 
its smooth texture and freedom from gritty 
particles. Moderate heating of the sul¬ 
phate gives a fine scarlet rouge used for 
polishing jewellery and glass ; a coarser 
form (“crocus’*), suitable for polishing 
metals, is obtained by stronger heating. 

Roussin's salts. Sec Ferronitroso-sul- 
phides. 

Rovac filter. See Rotary filter. 

Rubber. Sec Caoutchouc, Raw rubber, 
Softened rubber, and Vulcanized rubber. 

Rubber conversion products. Sec Chlori¬ 
nated rubber, Halogcnated rubbers, Hydro¬ 
genated rubber. Rubber hydrochloride, 
Rubber isomers, Rubber oxidation products, 
and Thcrmoprcncs. 

Rubber hydrocarbon. Sec Caoutchouc. 

Rubber hydrochloride. Rubber reacts 
with hydrogen chloride to give a compound 
with the empirical formula C l0 H„CI,. 
When dry hydrogen chloride is used, the 
product is stable up to about 145°, whilst 
with moist hydrogen chloride there arc 
obtained resinous products from which 
hydrogen chloride splits off at temperatures 
ubovc 40’. For the industrial manufacture 
a solution of rubber, generally in chloroform 
or benzene, is treated with dry hydrogen 
chloride. Rubber hydrochloride is soluble 
in chlorinated hydrocarbons and aromatic 
hydrocarbons, swells in esters, and is 
insoluble in alcohols, petrol, ether, acetone, 
and water. Films of rubber hydrochloride 
are used as wrapping materials and for 
rainproof clothing, and the material can 
also be used for impregnating, for oil-proof 
packings, as an adhesive layer in safety 
glass, and in paints. 

Rubber isomers. These products have 
the same empirical formula, C,H„ ns the 
rubber hydrocarbon, but they arc less 
unsaturated and their properties arc dis¬ 
tinct. They arc prepared by the action on 
rubber of (i) acids anti acid chlorides and 
anhydrides; reagents of the formula 
R—SO,—X, where R is an organic radical 
or a hydroxyl group and X is a halogen 
atom or a hydroxyl group (sulphuric acid, 
sulphonic acids, and sulphonyl chlorides); 
halogen hydracids, followed by treatment 
with a metal; acids containing tin and 
a halogen in the anion, c.g. chlorostannous 
acid, fiuoboric acid and its derivatives, 
trichloroacetic acid, phosphorus oxyhalides ; 
(ii) salts of metals, halides of amphoteric 
elements (tin, iron, titanium, antimony) 
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metal sulphonntes; (iii) metallic mag¬ 
nesium ; (iv) sulphur under certain con¬ 
ditions; (v) surface-active substances; 

(vi) certain other organic compounds: 
phenols in conjunction with certain aci<ls 
and acid derivatives, organic nitroso- 
compounds, mercaptothiazolcs, dialkyl sul¬ 
phates, oxonium compounds, certain esters. 
The action on rubber of heat or light under 
certain conditions also produces isomers. 
The properties of the materials differ con¬ 
siderably with the method of preparation, 
the products varying from soft materials 
resembling chicle through tough balata- 
like substances to hard friable compounds 
resembling shellac or ebonite. The isomers 
arc thought to have cyclic structures. 
Some can be vulcanized by heating with 
sulphur. Commercially important isomers 
arc “ Vulcalock,” a “ thcrmoprcnc ** manu¬ 
factured by heating rubber with a sulphonic 
acid and used as an adhesive, particularly 
for attaching rubber to metal, and Plioform 
which can be used for impregnating or 
moulding. 

Rubber oxidation products. The action 
of various oxidizing agents on rubber pro¬ 
duces resinous substances containing vary¬ 
ing proportions of oxygen according to the 
conditions of the reaction. Commercially, 
rubber oxidation products are made by 
heating rubber in the presence of air or 
oxygen and of catalysts such ns cobalt 
linolcatc. The oxidation products can be 
used for making wrappings in film form, 
moulding powders, lacquers and paints, 
electrical insulating compositions and var¬ 
nishes, and adhesives. See Kubbonc. 

Rubber substitute. See Substitute. 

Rubbone. A rubber oxidation product 
made by oxidizing rubber in the presence of 
cobalt linolcatc as a catalyst. The formula 
is C 10 H,,O. Rubbone can be vulcanized 
with sulphur or sulphur chloride, and can 
be used in electrical insulation, in baking 
varnishes, and in the manufacture of 
asbestos boards and tapes. 

Rubeanic acid, dithio-oxamide, 

S=€—Nil, 

—NH, 

is an orange-red solid. It is soluble in 
alcohol and slightly soluble in water. 
Prepared by adding a concentrated solu¬ 
tion of potassium cyanide to an ammoniacal 
solution of copper sulphate until the blue 
colour is just discharged and then passing 
hydrogen sulphide into the cooled liquor. 
The rubeanic acid is precipitated and is 
rccrystallizcd from alcohol. It gives a 
black precipitate with solutions of copper 
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salts and is used to detect small traces of 
copper in solution. 

Ruberythric acid, the prin¬ 

cipal glycoside of madder is 1 : 2-dihydroxy- 
anthraquinone primeveroside, the sugar 
being joined at position 2. It has M.P. 
257°. Three other similar primcvcrosidcs 
are galiosin (1 : 2 : 4-trihydroxyanthrn- 
quinonc-3-carboxylic acid), rubiadin (2 : 4- 
dihydroxy - 3 - inethylanthraquinonc) and 
munjistin (2 : 4-dihydroxyanthraquinone- 
3-carboxylic acid). See Anthraquinone 
glycosides. 

Rubidium, Rb. At. no. 37, At. wt. = 
85 48. M.P. 30°, B.P. 003°, D. - 1-52. 
Rubidium is a very rare element. Chief 
sources of rubidium are certain mineral 
waters (Durkheim, Ungcmach, Bourbonne- 
lcs-Bnins, Kreuznach, etc.), rare minerals 
such as lepidolite, and the mother-liquors 
from the Stassfurt deposits. The element 
was discovered spectroscopically by Bunsen 
and Kirchhoff in 1801. 

The metal is obtained by the reduction 
of the fused chloride with calcium in vacuo. 
The metal, so prepared, is purified by 
vacuum distillation. It is a silvery-white 
metal, crystallizing in the cubic system 
with the body-centred structure, a *= 5 02 a. 

Rubidium reacts readily with oxygen 
with the formation of the monoxide Rb t O; 
in excess oxygen the peroxides Rb,0„ 
Rb,G„ and Rb,0 4 arc produced. The 
metal reacts violently with water; the 
hydrogen liberated bums. 

Ruby. See Corundum. 

Ruxnlord, Benjamin Thompson, Count 
(1753-1814). Bom at Woburn, Mass., 
Rumford was during his lifetime store¬ 
keeper, soldier, and administrator, yet 
always enthusiastic over scientific research. 
In 1770 he was elected F.R.S., and in 1701 
created a Count of the Holy Roman Empire. 
He chose the title of Rumford from the 
home town of his wife. In 1700, with Sir 
Joseph Banks, he was the means of bringing 
into existence the Royal Institution. He 
was the founder of the Rumford Medals of 
the Royal Society and the American 
Academy of Arts and Sciences, and of the 
Rumford Professorship at Harvard. 

Running point. A term used in labora¬ 
tory distillation tests; it signifies that the 
distillate must be measured at that specified 
temperature when the distillation has not 
been interrupted. 

Russell, Alexander Smith (1888- ). 

Bom at Musselburgh, Russell was educated 
at the High School, Glasgow, and at the 
Universities of Glasgow, Berlin, and Man¬ 
chester. He was appointed lecturer on 
inorganic chemistry at Oxford in 1927. He 
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was associated with Soddy and Rutherford 
in their work on radioactivity. 

Ruthenates. By fusing the metal with 
such mixtures as Na,CO, + Na,O a or 
K,COj + KNOj salts of the hypothetical 
ruthenic acid H,Ru0 4 are obtained; they 
are red or black substances which form 
orange solutions; the Ag, Ba, Sr, and Ca 
salts arc sparingly soluble. In acid solution 
disproportionation takes place, and per- 
ruthenates and a lower oxide are formed. 
In this and in some other respects the 
ruthenates resemble the manganates. 

Ruthenium, Ru. At. no. 44, At. wt. 101-7. 
Ruthenium is one of the rarest of the 
platinum metals, and neither the element 
nor its compounds have found any im¬ 
portant application. It occurs to the 
extent of a few per cent, in native 
osmiridium. It is a hard white metal, rather 
brittle, nnd has the close-packed hexagonal 
structure. Its sp. gr. calculated from the 
lattice constant is 12-50, found 12-2. Its 
melting-point is very high (approx. 2500°). 

Acids have very little action on the metal, 
even aquu regia attacks it only very slowly, 
but it is readily dissolved by hypochlorite 
solutions with the formation of Ru0 4 , and 
oxidizing alkaline fusions convert it to 
ruthenates. In air it is superficially oxi¬ 
dized to RuO, at red heat, and at very high 
temperatures Ru0 4 is formed. In its 
compounds it may exhibit valencies of 2, 8, 
4, 5, 0, 7, and 8. 

Rutheuiumammines. A number of stable 
ainmino-compounds derived from tcrvalent 
Ru are known. Many of these resemble the 
corresponding compounds of tervalcnt Rh, 
Ir, and Co, c.g. 

[Ru(NH,) 4 JCI„ [Ru(NH,),CI]Cl a . 

There arc also a number of nitroso-am- 
mino-compounds such as 

[Ru(NH,) 4 • NO • OIIJCI,. 

Some ammino-compounds of bivalent Ru 
have recently been prepared, and are of 
interest in containing co-ordinated SO,. 
(Glen and Breuel, Z. anorg. Chem., 1038.] 

Ruthenium chlorides. Three simple chlor¬ 
ides are known, RuCl,, RuCl,, and RuC 1 4 . 
RuCl, is a green insoluble substance obtained 
by reduction of RuClj. A few double salts 
have been described. RuCl, is a black 
crystalline substance which gives a deep 
brown solution (or yellow if very dilute). 
It is very easily hydrolysed, but forms a 
number of complex chlorides which are 
more stable. RuC 1 4 , 5H,0 is a reddish- 
brown compound obtained by the action of 
Cl, on solutions of Ru ni . Like RuCl, it is 
unstable, but forms stable complex chlorides. 


Ruthenium chlorides, complex. Chloro- 
ruthenates are complex salts of the typ e 
M'.RuCl,. They are much more stable than 
RuCI 4 , and arc isomorphous with the chloro- 
platinates. Chloropcrruthenites arc com¬ 
plex chlorides derived from RuCl,. IIRuCl,, 
211,0 exists in two isomeric forms, red and 
green, which may be cis-trans- isoinendcs. 
Salts derived from it, and from the hypo¬ 
thetical H,RuCl s , are known, and exhibit 
complicated relationships of isomerism. 

Ruthenium, detection and estimation. 
Sec Platinum metals. 

Ruthenium fluorides. RuF, has been 
described os a green insoluble body. RuF, 
is obtained by gently heating the metal in 
F,. It is a dark green crystalline substance, 
M.P. 101*, which is soluble in water but 
soon hydrolyses. 

Ruthenium hydroxide, Ilu(OH), (?). This 
is obtained as a brown precipitate by 
treating solutions of tcrvalent ruthenium 
compounds with caustic alkalis. It can¬ 
not be washed free from alkali. On gentle 
ignition it leaves a brown powder which is 
said to be Ru,0 3 . 

Ruthenium oxides. The most important 
and definite nrc RuO, nnd RuO,. RuO 
has been described, but is probably a 
mixture ; Ru,0, is said to be formed from 
the hydroxide Ru(OH)„ but its individuality 
is doubtful. 

RuO, is a blue-black crystalline substance, 
which is obtained by the decomposition of 
Ku0 4 , or by its reduction with 11,0,, or by 
heating (Nil,),RuCl, in air at about 000°. 
It is not attacked by acids, and at tempera¬ 
tures above 1000 5 it decomposes, forming 
the metal and RuO,. 

RuO, may be obtained by passing Cl, 
through a hot (80°-00°) acid solution of 
any ruthenium compound, when it distils 
readily and condenses to a mass of golden 
yellow crystals, M.P. 25-5°, sp. gr. 3-29. At 
temperatures above about 107° it decom¬ 
poses violently, forming RuO,, but at very 
high temperatures it is stable, and is formed 
from RuO,. It has a smell somewhat 
resembling that of ozone, and is soluble in 
water, giving a strongly oxidizing acid 
solution, from which by neutralization 
with NHj a salt (NII,),RuO s can be 
crystallized. 

Ruthenium salts. Apart from the chlor¬ 
ides, scarcely any simple salts of ruthenium 
are known except in solution. Their tend¬ 
ency is either to be hydrolysed or to form 
complex salts. A sulphate, Ru IV (SO,)„ is 
obtained by oxidation of RuS„ nnd a sul¬ 
phite, Ru IU ,(S0 3 ) 3 , and a few basic acetates 
have been described. 
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Ruthenium sulphides. RuS 2 is a black 
precipitate. UuS, and RuS, have l»een 
reported. 

Rutherford, Daniel, was an independent 
discoverer of nitrogen in 1772. He was a 
professor of botany in Edinburgh. 

Rutherford, Ernest, Baron Rutherford of 
Nelson (1871-1937). Born in Nelson, New 
Zealand, Rutherford studied at the Univer¬ 
sities of New Zealand, Cambridge, and 
Giessen. He was appointed professor of 
physics, McGill University, Montreal (1808), 
Manchester (1007), and Cavendish professor 
of experimental physics, Cambridge (1010). 
His brilliant researches elucidated the 
problems of radioactivity, atomic structure, 
and the electrical nature of matter. He 
was elected F.R.S. (1903), and awarded the 
Rumford Medal (1005), the Copley Medal 
(1922), and the Nobel Prize in 1008. He 
was knighted in 1014, and created O.M. in 
1025 nnd Huron in 1031. 

Rutile, TiO,. This is an important ore 
of titanium. The crystals are tetragonal, 
nnd closely resemble those of cassitcritc, 
a = 4-38, c - 2 08 a. ; a : c = 1 : 0 044. 
Hardness 0$, sp. gr. 4 3. Reddish-brown 
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The larger circles represent oxygen, the 
smaller titauium. 

colour, with n metallic adamantine lustre, 
strong refraction, strongly birefringent. 
The crystals arc often twinned, sometimes 
repeatedly twinned. Rutile is found in 
Norway and other countries. 

In the crystal structure of rutile each 
Ti ion is surrounded by six O ions and 
each O ion by three Ti ions (compare 
the lluoritc structure, where the corre¬ 
sponding co-ordination numbers are eight 
and four). A considerable number of 
dioxides and difluoridcs crystallize with 
the rutile structure, e.g. PbO., SnO., 


MnF„ ZnF„ MgP a , etc. A unit cell of 
this structure is illustrated. 

Titanium oxide is found in three distinct 
forms, rutile, anatase, and brookitc. Of 
these, rutile and anatase arc tetragonal, 
brookitc is orthorhombic. They usually 
occur together. 

Anatase: the tetragonal erystals have 
a :c = 1 : 1-77. Hardness 5$, sp. gr. 3 0. 
The colour is brownish-yellow and the 
crystals arc usually bipyrainidal. 

Brookitc is orthorhombic, 

a : 6 : c = 0 841 : 1 : 0-044. 

Hardness 5J, sp. gr. 4 0. Colour reddish. 

Ruttan, Robert Fulford (l 850-1030), 
Kuttan was born at Newburgh, Ontario, 
and educated at the Universities of Toronto, 
McGill, nnd Berlin. In 1887 he joined the 
staff of McGill University, where he re¬ 
mained until his retirement as Emeritus 
Dean in 1029. After 1012 he was Director 
of the Chemical Department and after 
1924 Dean of the Faculty of Graduate 
Studies. He was President of the Royal 
Society of Canada in 1020 and of the Society 
of Chemical Industry 1021-22. His chief 
chemical researches dealt with fats and 
fatty acids. 

Ruzicka, Leopold (1887- ). Born at 

Vukovar, Croatia, Ruzicka studied at 
Karlsruhe. He remained here as an 
assistant to H. Stnudinger until 1010, then 
accompanying Staudinger to Zurich, where 
he became u Privat-Dozent in 1918 and 
extraordinary professor in 1923. In 1020 
he went to Utrecht as ordinary professor 
of organic chemistry nnd in 1020 returned 
to Zurich in a similar capacity. His work 
has dealt chiefly with the chemistry of the 
essential oils and in particular of the sesqui¬ 
terpenes. 

Rydberg’s constant. The wave-number 
of any line in a spectrum can be expressed 
as the difference of two terms which arc of 

the form i.c. 


R 


R 


where x, and x t are small whole numbers, and 
R is a constant which appears with only small 
variations in the terms of all such formula?. 
R is known as Rydberg's constant, and has 
the value 109,078. See Balmcr series. 
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Sabatier. Paul (1854-1941). Educated at 
the Ezolc Normalc, Sabatier was appointed 
professor of chemistry at the University 
of Nlmcs (1878), Bordeaux (1880), and 
Toulouse (1882). In 1809 he discovered 
with Senderens the process for the catalytic 
hydrogenation of oils. He was awarded 
the Nobel Prize for Chemistry in 1012 and 
the Davy Medal of the Royal Society in 
1015. 

Sabinene, C X0 H„. A dicychc monoterpene, 
the d-form of which is found 
in oil of savin and many 
other essential oils. The /- 
and racemic forms occur 
occasionally in nature. It 
has not been prepared syn¬ 
thetically. No crystalline 
derivatives arc known and 
the physical constants vary 
with the origin of the speci¬ 
men, but average values arc : 

B.P. 103°-105°, rf” 0 812, 

nj,° I- 105 * Md + 80 2 °- 

When shaken with dilute sulphuric acid it 
is easily converted into terpincn-4-ol and 
1 :4-terpin. 

Sabinol, C l0 H„O. d-Sabinol is found both 
free and as the acetate in 
oil of savin and also in 
the oil from J uni peris 
pluenicea. It forms an oil 
which can be purified by 
means of its crystalline 
hydrogen phthalatc and 
then has B.P. 208°, 
d lt 0 9518, nj* 1-4805, 

[aJ D + 7-56°. It forms 
a crystalline hydrogen 
phthalatc of M.P. 04°-05 ,> 
and a nitrobenzoate of 
M.P. 70°. It can be reduced by hydrogen 
with a platinum or palladium catalyst at 
the ordinary temperature to form f-dihydro- 
sabinol which is identical with f-thujyl 
alcohol. 

D-Saccharic acid, C,H l0 O„ 

OH H OH OH 

HOOC— LU 

A 


CH. 


IIt\ \ HOH 



Ah A 


:_cooh 


H 


crystallizes in colourless needles. M.P. 
125°-126°, [a]+ 6 8G 20 GO°. Very 
soluble in water, soluble in alcohol. Pre¬ 
pared by oxidizing starch or glucose with 
nitric acid. The calcium and potassium 
hydrogen salts are sparingly soluble in 
water. Forms two crystalline mono¬ 
lactones; a dilactonc is also formed. 


Saccharimetry. The estimation of sugars 
by means of a polarimetcr. Polarimctcrs 
graduated to read the concentration of 
sugar directly arc called saccharimeters. 

Safranine. A dyestuff having the formula 


N 



Prepared by the oxidation of aniline and 
p-phenylene diamine in acid solution. 
Other dyestuffs, generally known as safra- 
nines, have the above structure with 
alkylated amino-groups or substituents in 
the nucleus. 

Sainte-Claire Deville, Etienne Henri (1818- 
1881). Sainte-Claire Deville was born nt 
St. Thomas, in the West Indies. After 
teaching at Bcsan^on from 1845 to 1851 he 
went to Paris to become professor of chem¬ 
istry at the ftcolc Normalc and the Sor- 
bonne. He made important contributions 
to the technical side of chemistry, including 
the manufacture of aluminium on a com¬ 
paratively large scale, but is chiefly re¬ 
membered as the originator of the theory 
of dissociation. 

Sakurai, Joji (1858-1030). Sakurai was 
educated nt Tokio and London, returning 
to Tokio in 1882 as professor of chemistry 
in the Imperial University. This position 
he retained until 1010. His original re¬ 
searches are overshadowed by his work as 
a teacher, in which capacity lie assisted to 
a considerable degree in the progress of 
science in Japan. An honorary fellow 
of numerous chemical societies throughout 
the world, he was President of the Japanese 
Chemical Society on repeated occasions, 
was President of the National Research 
Council in 1025, and of the Imperial 
Academy in 1926. 

Sal ammoniac. See Ammonium chloride. 

Salicin, C„H lg O„ the glycoside of o- 
hydroxybenzyl alcohol, C«lI n O s • O • C 6 II 4 • 
CH t OH, a colourless crystalline bitter sub¬ 
stance has long been used as a remedy for 
fever and in cases of acute rheumatism. 
It is the active constituent of willow bark 
and occurs in many species of Snlix. On 
oxidation with dilute nitric acid it is con¬ 
verted into helicin, the glycoside of salicvl- 
aldchydc, C 6 II n O s • O • C 6 H 4 • CIIO, which 
has been made the starting-point of further 
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syntheses. When salicin is shaken with 
benzoyl chloride populin is formed (q.v.). 
It is administered in influenza and for 
rheumatism and its action is considered to 
be due to the saligcnin, or salicyl alcohol, 
liberated on hydrolysis in the intestines. 

Salicyl alcohol, Saligenin, C 7 II,0,. White 
crystalline plates, M.P. 82°. 

Readily soluble in water, f\CH,OH 
alcohol, and ether. Gives 
a blue colour with ferric v JOH 
chloride. 

It is obtained by the reduction of salicyl- 
aldehyde or by hydrolysis of the glucosidc 
salicin. 

It is used as a remedy for rheumatism or 
as a locnl anaesthetic. 

Salicylaldehyde, 0,II«O,. Oily liquid of 
aromatic odour, B.P. 100°, sp. 
gr. 1-172 at 15°. Fairly soluble 
in water, miscible in all pro¬ 
portions with alcohol and ether. 

Aqueous solution gives violet 
coloration with ferric chloride. 

It is prepared by the action of chloroform 
and caustic potash on phenol, by the oxi¬ 
dation of the glucosidc salicin, or by re¬ 
duction of salicylic acid. It is easily reduced 
to salicyl alcohol or oxidized to salicylic 
acid. 

Salicylic acid, C T II # (),. Colourless needles 
from hot water, M.P. 150°. 

Very soluble in alcohol, 
ether and hot water, less 
so in cold water. At 200° 
it decomposes to phenol and 
carbon dioxide. 

Occurs naturally as methyl ester, oil of 
wintergreen, from which it can be obtained 
by hydrolysis with alcoholic potash. Pre¬ 
pared synthetically by heating sodium 
phenate in a current of carbon dioxide. 

It is used extensively ns a food pre¬ 
servative and is a powerful antiseptic 
acid and inhibits the growth of micro¬ 
organisms. For internal administration the 
sodium salt is chiefly used, although the 
other alkali salts, lithium and potassium 
salicylates, are prescribed to a smaller extent. 
Externally, salicylic acid is applied dissolved 
in collodion to corns and warts, which it 
softens so that they can be easily removed. 

Saligenin. See Salicyl alcohol. 

Salmine. A protein, belonging to the 
protamine class, found in the sperm and 
testicles of the salmon. It closely resembles 
clupeine and on hydrolysis gives about 90 
per cent, of the amino-acid arginine. 

Salt. A term used commonly to denote 
sodium chloride. More generally a salt is 
the substance produced by replacing the 
acidic hydrogen of an acid wholly or partly 


by a metal or basic radical. If replacement 
is complete the salt is said to be normal 
(e.g. Na,S0 4 ), and if only partial an acid 
salt is formed (e.g. NaIIS0 4 ). In general 
only the salts of strong acids with strong 
bases are stable in solution. If cither or 
both constituents are weak, hydrolysis 
occurs to a more or less marked extent, 
and the solution exhibits acidic or basic 
properties (e.g. FcClj solution is acidic). 

Salt cake. An intermediate product in 
the Leblanc process for the manufacture 
of sodium carbonate, consisting of crude 
sodium sulphate. It is prepared by heating 
common salt with concentrated sulphuric 
acid. 

“ Salting out.” Hydrophilic colloids such 
as gelatine or soaps can be “ salted out ” or 
coagulated by the addition of a high con¬ 
centration of electrolyte. This must not be 
confused with the coagulation of hydrophobic 
sols by small quantities of electrolyte. 

The salting out action of the electrolyte 
depends on its dehydrating action on the 
hydrophilic colloid, and it can easily be 
demonstrated that a dehydrated hydro¬ 
philic colloid is ns sensitive to electrolytes 
and other coagulating influences us a 
hydrophobic sol. Sec Colloid, Hydrophilic, 
Hydrophobic, Coagulation, Lyotropic scries. 

In addition, an alternative significance 
of the term ” salting out,” which applies 
to non-colloidnl solutions, is the reduction 
in solubility of a non-clcctrolytc by the 
addition of a strong electrolyte. Thus if 
sodium chloride is added to a solution of 
sucrose in water the solubility of the 
sucrose is less than in the absence of sodium 
chloride and some of the sucrose is thus 
” salted out.” 

Salvarsan. A trade name for arsphena - 
mine. 

Sal volatile is aromatic spirit of ammonia 
and consists of an alcoholic solution of 
ammonia and ammonium carbonate 
flavoured with the oils of lemon and nut¬ 
meg. It is used as a first-aid stimulant 
fn cases of fainting and is a frequent addi¬ 
tion to dyspepsia medicines for its stimu¬ 
lating and antacid properties. It is used 
to relieve heartburn and flatulence. 

Samarium, Sm. At. no. 62, At. wt. 150-43. 
One of the rare-earth elements. For its 
chief sources and separation sec Rare earths. 
Metallic samarium is a grey element, which 
has a density of 7-7-7-8 and is almost as 
hard as steel. It melts at 1300°-1400°. 
It is produced by electrolysis of the molten 
chloride, SmCl,. The metal is oxidized 
superficially on exposure to air and is 
pyrophoric if very finely divided. It 
bums when heated in a stream of chlorine, 
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and also combines with nitrogen. The chief 
valency of samarium is three, but several 
compounds arc known in which the clement 
is divalent. 

Samarium compounds. Samarium can 
have a valency of three or of two in its 
compounds. The oxide Sm.O,, which is 
prepared by ignition of the hydroxide, the 
nitrate, or the oxalate, exists in three 
crystalline modifications. It is para¬ 
magnetic and somewhat less basic than the 
oxides of praseodymium and neodymium. 

It dissolves readily in acids, is not reduced 
by hydrogen, and reacts with chlorine to 
give the oxychloride SmOCI. The hydroxide, 
Sm(OH)„ is formed as a gelatinous pre¬ 
cipitate by adding ammonia to solutions 
of Sm UI salts. Two hydrated chlorides, 
SmCl„ 611,0 and SmCl„ H,0, are known, 
as well ns the anhydrous salt. The hexa- 
hydrate crystallizes as yellow plates (M.P. 
142°). The bromide, SrnBr,, is yellow and 
the iodide, Sml„ is orange-yellow. Solu¬ 
tions of the halides in water arc moderately 
hydrolysed. The bromate is known as the 
anhydrous salt, Sm(BrO,)„ and ns the 
hydrates Sm(BrO,)„ 211,0 and Sm(BrO,)„ 
9H,0. The latter is the least soluble of 
the bromates of the rare earths (50-10 g. in 
100 g. of 11,0 at 20°). The anhydrous 
sulphate and its octahydratc are known. 
The nitrate, Sm(NO,)„ 011,0 crystallizes as 
yellow needles. The oxalate Sm,(C,0 4 )„ 
10H,O is less soluble in acids and in am¬ 
monium oxalate solution than the oxalates 
of other elements of the cerium group. 
The chloride of divalent samarium, SmCI„ 
is formed by reducing SmCl, with hydrogen 
at 600°-700°. It forms red-brown needle- 
shnped crystals, and is a strong reducing 
agent. It decomposes water, liberating 
hydrogen. The bromide, iodide, and sul¬ 
phate of divalent samarium have also been 
described. 

Trivalcnt samarium salts in solution have 
a yellow colour, the maxima of the most 
intense absorption bands being at AA 4020, 
4170, 4630, and 4760 a. 

Sample divider. This is a device in 
which increments from a sample of material 
arc automatically withdrawn so that the 
sample is divided into parts of identical 
quality. See also Cone and Quartering. 

Sampling. The process of obtaining a 
small quantity of material, e.g. for an 
analysis, such that it shall be truly repre¬ 
sentative of a much larger quantity. Speci¬ 
fic methods of sampling are used for 
different materials and details of these 
may be found in the appropriate B.S.I. 
specifications. See also Quartering, Pipe 
sampling. Bottle sampling, Thief sampling. 


Sand. A term employed in sedimenta¬ 
tion or clarification processes to denote 
the relatively coarse and granular particles 
which settle comparatively rapidly and 
leave a clear supernatant liquid. In general 
practice all particles greater than 200 I.M.M. 
mesh arc classed as sands. 

Natural sand is an accumulation of 
mineral matter, largely silica, resulting 
from the disintegration of rocks. 

Sand filter. In this type of filter the 
separation of solid from liquid is effected 
by passage through a comparatively deep 
bed of graded layers of sand, the finest 
being at the top of the bed resting on pro¬ 
gressively coarser layers. These filters 
are in general used to handle large quan¬ 
tities of liquid from which it is desired to 
remove a small proportion of solids and 
find their widest application in water treat¬ 
ment plant. For handling very large 
quantities of water, as in town water supply, 
it is normal practice to use open beds which 
may be of almost any required size. In 
industrial practice where space is a primary 
consideration the filter beds are contained 
in water-tight vessels and the liquid forced 
through under pressure; in such filters the 
bed may be cleared of deposited solids by 
back-flushing. 

Other materials, such as graded coke, arc 
often employed in the construction of filters 
of this type for special purposes. 

Sandmeyer, Traugott (1854-1922). Born 
at Wcttingen in Aargau, Sandmeyer entered 
the employment of a maker of scientific 
apparatus at ZQrich and afterwards started 
business on his own. In 1882 lie became 
assistant to V. Meyer and later to Hantzsch. 
In 1888 he joined the firm of J. R. Gcigy, 
Basle, manufacturers of dyestuffs. In 
1899 Sandmeyer synthesized indigo and 
introduced into organic chemistry the 
important reaction which bears his name. 

Sandmeyer’s reaction is the replacement 
of an amino-group by a halogen by means 
of a cuprous halogen compound. 

Santalenes, C, S II, 4 . a- and 0-Santalenc 
are the two sesquiterpenes found in East 
Indian sandalwood oil and arc separated 
from one another by fractional distillation. 
a-Santalenc has B.F. 118°/7 mm., d li 0-9132, 
nj>‘ 1-49205, [<x] D - 3 34°. It is a tricyclic 
sesquiterpene and a derivative of terc- 
santalic acid, C 10 H 14 O,. £-Santalcne has 
B.P. 125°-126°/7 mm., 0-8940, fig* 1 -49460, 
[a] D — 41-3° and is probably dicyclic. 

Santalols, C IS H, 4 0. The santalols are 
sesquiterpene alcohols which form the 
main constituent of East Indian sandal¬ 
wood oil ; a- and 0-santalol have both 
been isolated as the strychnine salts of 
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their hydrogen phthalatcs. x-Santalol has 
B.P. 159®/10 mm., </>* 0 070, n D 1100, 
fa] D + 110°, and 0-Snntalol has B.P. 108- 
100°/10 mm., </'* 0 0720, n}* 1-5002, 

[a] D — 42 0°. x-Santalol is a tricyclic com¬ 
pound and yields the aldehyde santalal. 
C U H„0, on oxidation by chromic acid. 
The constitution of 0-santalol is unknown. 
See Oil of sandalwood. 

Santene, C,H U . 

CH,—CII-C • CH, 


| 

[,—CII-C • CH, 


The only tcrpenc-like natural hydro¬ 
carbon containing 0 carbon atoms. It 
is found in Hast Indian sandalwood oil 
and also in Siberian, German, and Swedish 
pinc-nccdle oils. It has a rather unpleasant 
smell, rcsinifies easily, and is difficult to 
obtain pure. Its constants are: B.P. 
140*-141 # /770 mm., </*° 0 803, 1-40038. 

a-Santene nitrosochloridc forms blue needles 
of M.P. 100M10* which change on exposure 
into a colourless /?-form. 

Santenone (w-Norcamphor), C,II 14 0. 


( 

:h. 

II, c - < 

;-co 

H,C • < 

; • h 

H,-C 

II-CH 


A saturated dicyclic ketone related to 
santene. /-Santenone is found in East 
Indian sandalwood oil. The optically in¬ 
active form is prepared by the oxidation of 
santene with chromic acid mixture. It is 
a crystalline solid of camphor-like smell. 
/-Santenone has M.P. 58°-01°, B.P. 193“- 
195°, [*) D — 4-40® (in alcoholic solution). 
For the inactive form various authorities 
give M.P. 50°-52* and about 30®, but these 
figures may relate to stcreoisomcridcs. 
The scmicarbnzonc of the /-form has 
M.P. 222* 224° and that of the dl -form 
228®-229°. 

Santonin, C u H, a O,. Colourless crystals 
CH, • C(CII,): C • CH. CII O CO 

io—C(CH,): i • CH, • CH-CH • CH, 

turning yellow in sunlight, M.P. 170°. 
Almost insoluble in water, soluble in 44 
parts of alcohol, [a] 1 ,? — 173-0° in alcohol. 
The active principle of Santonica or worm- 
seed, from which it can be extracted with 
milk of lime and decomposition with sul¬ 
phuric acid. It is used as a vermifuge for 
round-worms and thread-worms. 


Saponification value. The saponifica¬ 
tion value of a fnt is the number of milli¬ 
grams of potassium hydroxide neutralized 
during saponification of one gram of the 
fat. It is a measure of the mean molecular 
weight of the fatty acids in the fat molecule. 
Fats such as lard give values about 105, 
whereas butter and other fats with a high 
proportion of the lower fatty acids have 
values about 225 to 230. 

Saponins, arc glycosides characterized by 
forming colloidal aqueous solutions which 
foam on shaking. Even in high dilution 
they effect hydrolysis of the red blood 
cells. The saponins themselves arc hardly 
known in the pure state but their agluconcs, 
termed sapogenins, have been characterized. 
They arc divided into two groups, the one 
including the triterpenes hederagenin and 
oleanolic acid which arc dehydrogenated 
to mixtures of naphthalene and picene 
homologues. The other group is closely 
related to the cardiac agluconcs and sterols, 
it includes sarsasapogenin and smilngenin. 

They arc found in a great variety of 
plants and arc strong poisons of fish. 
On hydrolysis they yield a variety of 
sugars, frequently several molecules to 
each aglucone. Glucose, galactose, ara- 
binosc arc the more common; pentoses, 
methyl pentoses, and glucuronic acid arc 
also obtained. 

Sapphire. See Corundum. 

Sarcolactic acid. See Lactic acids. 

Sarcosine, Methylglycine, C,H,0,N, 
CH*—Nil—CH, • COOH. Colourless crys¬ 
tals, M.P. 212°-213°, with decomposition. 
It is obtained on hydrolysing creatine with 
alkalis. 

Sarmentose, C,H„0 4 , is a desoxymethyl- 
pentose, isomeric with cymarose ( q.v .), 
of unknown structure. It has M.P. 78° 
and (oc] D + 12° increasing to + 15-8°. Its 
origin is sarmcntocymarin, a glycoside 
present in Slrophanthus sarmenlosus. 

Sarsasaponin, C 44 H 74 O, 0 , is one of the 
several saponins of sarsaparilla root. It is 
hydrolysed to 3 molecules of glucose and 
sarsasapogenin, C, 4 H 4 ,O a . Another is par- 
illin, which is hydrolysed to glucose 
(2 mols.) + rhamnose + parigenin. 

Satin-white. This important pigment is 
much used in the surfacing of paper as it 
produces on calendering a fine glossy, 
white surface. Satin-white is presumed 
to be a calcium sulphoaluminatc and can 
be formed, amongst various methods, by 
the action of calcium sulphate on sodium 
aluminate. 

Saturated compound. This is a substance 
in which the atoms are linked by single 
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bonds, and has no double or triple bonds in 
its formula. . 

Scammony is a gum-resin obtained from 
the root of Convolvulus scammonia, and 
contains about 80 % of resin. Scammony 
is not used to any appreciable extent nowa¬ 
days, as a resin which is stated to be iden¬ 
tical with that from scammony is obtained 
from the tubers of Ipomcea and is known 
as “scammony resin.” This is a drastic 
purgative, and is used in conjunction with 
jalap and ginger ns compound scammony 
powder, or in pill form with jalap resin, 
soap, and ginger. 

Scandium, Sc. At. no. 21, At. wt. 45 10. 
A rare element of the aluminium sub¬ 
group (IIIB). It was discovered by Nilson 
in 1879, and special interest attaches to 
it as it corresponds closely in its properties 
to ekaboron predicted by MendcICcfT. The 
only mineral in which scandium occurs 
as the main constituent is thortveitite, 
(Sc, Y) 2 Si 2 0 T . In small amounts it is 
widespread, and may be extracted from 
gndolinite, wolframite, and cassiteritc, inter 
alia. Metallic scandium has not been 
isolated. Scandium salts are colourless 
in solution if derived from colourless acids. 
In aqueous solution they arc perceptibly 
hydrolysed. The clement is trivalent, 
but its salts arc not isomorphous with 
those of the rare earths. It has, never¬ 
theless, many properties in common with 
the latter. Thus, for example, its oxalate 
is precipitated from weakly acid solutions 
by the addition of oxalic acid. The oxide 
Sc t 0 3 is more basic than alumina but less 
so than rare-earth oxides of the type K,0,. 
Scandium and its compounds have no 
technical uses. 

Scandium compounds. Scandium oxide, 
Sc t O„ is a white powder which is formed 
by heating the hydroxide, the oxalate, or 
the nitrate of the element. The hydroxide, 
Sc(OH)„ is precipitated from solutions of 
scandium salts by the addition of ammonia 
or sodium hydroxide solution, and is not 
soluble in excess of the precipitant. The 
fluoride of scandium, ScF„ is precipitated 
by the addition of hydrofluoric acid to 
a solution of a scandium salt. Scandium 
chloride is known as the anhydrous salt and 
as the hexahydrate and is soluble in water, 
the solution being appreciably hydrolysed. 
The sulphate of scandium is known as the 
anhydrous salt, Sc 2 (S0 4 ) 2 , and as the hexa- 
and penta-hydrates. Unlike the rare-earth 
sulphates its solubility in water does not 
diminish with increase of temperature. 
Scandium carbonate, Sc t (CO,)„ 12 11,0 is 
formed as a white bulky precipitate by 
adding sodium carbonate solution to a 


scandium salt. The oxalate is only slightly 
soluble in water, and resembles the rare- 
earth oxalates. The nitrate, Sc(N0 3 ) 3 , 
411,0. forms colourless prismatic crystals. 
Scandium is readily detected by its spark 
spectrum, the most intense lines of which 
arc at AA 3572-72, 3G13-98. 3630-90, 3642-96, 
and 4247-00 a. 

Schaffer’s acid, C 10 H,O 4 S. Obtained by 
sulphonating 0-naplithol 
with a small amount of 
sulphuric acid at a higher 
temperature than is used 
for the preparation of 
crocein acid. 

A valuable dyestuff intermediate ; with 
nitrous acid gives l-nitroso-/J-naphthol-7- 
sulplionic acid, the iron salt of which is the 
pigment naphtol-grcen. 

Schardinger enzyme. A dehydrogenase 
present in milk that oxidizes aldehydes. 
Formaldehyde or acetaldehyde added to 
milk containing mcthylcnc-bluc causes 
rapid dccolorization of the dye. The re¬ 
action is not obtained with boiled milk. 
The Schardinger enzyme is identical with 
xanthine oxidase. 

Scheele, Carl Wilhelm. Schccle was 
born in 1742 at Stralsund, and at the age 
of fourteen was apprenticed to an apothe¬ 
cary in Gothenburg. He afterwards be¬ 
came an assistant to apothecaries or phar¬ 
macists in MalmO, Stockholm, Upsala, 
and KOping. He discovered oxygen before 
the year 1773, but his discovery was not 
published until a few years after ; he was 
the first to give an account of chlorine, 
manganese, and baryta, and he in¬ 
dependently discovered ammonia gas and 
hydrochloric acid. I Ic discovered molybdic, 
tungstic, arsenic, lactic, gallic, oxalic, 
citric, tartaric, malic, and uric ncids, and 
was the first to isolate glycerin and milk- 
sugar. He died in 1786. Sec Thorpe's 
“ Essays.” 

Scheele's green. A pigment of a char¬ 
acteristic bright green colour, consisting 
of copper arsenite, CuIIAsO, or Cu 3 (As0 3 ) 2 , 
2 H s O ; formed as a precipitate when 
copper sulphate solution is added to sodium 
arsenite solution. On boiling with alkali, 
Scheele’s green dissolves, giving a solution 
of an arsenate and a red precipitate of 
cuprous oxide. Used as an insecticide; 
the use of Scheele's green in wallpapers, etc., 
may give rise to poisoning owing to slow 
formation of volatile arsenic compounds. 

Scheelite. A heavy mineral composed 
of calcium tungstate, Ca\V0 4 ; sp. gr. 
5-9-6-1, hardness, 4-5-5-0. Tungstic acid 
can be obtained from scheelite by boiling 
the mineral with hydrochloric acid. 
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Schiff, Hugo Jose! (1834-1915). Born at 
Frankfurt-am-Main, Schiff was educated 
at Gottingen. Having to migrate to 
Switzerland on account of too liberal ideas, 
he taught for a time at Berne, and later 
at Pisa and Florence. In 1877 he was 
appointed professor of general chemistry 
at Turin and in 1879 at Florence. His 
researches covered a wide field, including 
investigations on the metal-ammonium 
compounds, the cinnamic scries, glucosides, 
aldehydes, and their derivatives. Sec J. 
Chem. Soc., 1010, p. 424. 

Schiff's bases, or Azomethines, are com¬ 
pounds containing the group R • CH : NR 
and arc formed by the action of an alde¬ 
hyde with a primary amine under suitable 
conditions. The most stable azomethines 
are those formed from aromatic aldehydes 
and aromatic amines ; the products from 
the lower aliphatic aldehydes and aliphatic 
or aromatic amines show a marked tendency 
to polymerize. 

SchifTs reagent. This is a solution of 
rosanilinc in water decolorized with sul¬ 
phurous acid. Aliphatic aldehydes and 
aldose sugars give a magenta colour with 
this reagent; with aromatic aldehydes and 
aliphatic ketones the colour develops more 
slowly ; and aromatic ketones do not react. 

Schlippe’s salt. See Antimony penta- 
sulphide. 

Schonbein, Christian Friedrich (1799-1868). 
Born at Mctzingen, Swabia, SchOnbcin 
studied at Tubingen and Erlangen. After 
holding several junior teaching posts he 
was appointed professor of chemistry and 
physics at Basel in 1835. He carried out 
researches on ozone (which he discovered), 
hydrogen peroxide, and gun-cotton. 

Schonite, K a S0 4 , MgS0 4 , 0H,O, is a 
mineral obtained from the Stassfurt salt 
deposits and used in the preparation of 
potassium sulphate. 

Schoop metallizing process. A method 
of coating a surface with a metal. The 
coating metal is sprayed on from a special 
type of atomizer. 

Schweinfiirter-green, or Paris-green. A 
brilliant pigment having the composition 
Cu(C 2 H 3 0,) 2 , 3Cu(AsO t )j, prepared by boil¬ 
ing verdigris (basic copper acetate) with 
arsenic trioxide and acetic acid. Used as 
an insecticide. 

Schweizer’s reagent. The dark blue 
liquid obtained by adding sodium hydroxide 
to copper sulphate solution, filtering off 
the precipitated copper hydroxide and 
redissolving it in concentrated ammonium 
hydroxide. The reagent is a solvent for 
cellulose, the cellulose being rcprecipitated 
when the reagent is acidified. This is the 


basis of the cuprainmonium process for 
the manufacture of artificial silk. 

Scleroproteins, Albuminoids. A class of 
proteins obtained from the skeletal and 
connective tissues of animals and their 
outer covering and its appendages, and 
characterized by their insolubility in most 
reagents. Typical albuminoids arc collagen 
from connective tissue, elaslin from clastic 
tissue, and keratin from hair, nails, and 
feathers. 

Scombrine. A protein belonging to the 
protamine class, found in the testicles of the 
mackerel. 

Scopolamine. See Ilyoscine. 

Scott, Alexander (1853-1947). Born at 
Selkirk, Scott was educated at Cambridge 
and Edinburgh. After teaching at Durham 
School he returned to Cambridge in 1891 ns 
Jacksonian Professor. In 1890 he became 
superintendent of the Davy-Faraday Re¬ 
search Laboratory of the Royal Institution, 
London, where he remained until 1911. 
From 1919 to 1938 he was Director of 
Scientific Research at the British Museum, 
where his work established beyond doubt 
the value of science to archaeology. Scott 
was President of the Chemical Society in 
1915-17. 

Scraper conveyor. This type consists of 
one or more chains running in guides and 
attached to which is a scries of scrapers 
similar in shape to that of the trough along 
which the material is moved. The scrapers 
may be of wood or steel and the whole lay¬ 
out of the conveyor will vary according to 
the type of material to be moved. 

Screening. Separation of material con¬ 
taining particles of various sizes into frac¬ 
tions containing particles whose sizes lie 
within a certain range, by the use of sieves. 

Screens. In all screening equipment the 
separation is effected by passing the feed 
through a wire cloth, grid composed of 
metal bars, perforated plate, or other suit¬ 
able arrangement such that the undersize 
passes through, and the oversize is retained 
on the screening surface. 

Scrubbers. The purpose of a scrubber is 
to remove some impurity from a gas by 
a liquid medium or vice versa. The design 
of such plant is accordingly directed to 
securing the most intimate contact possible 
between a gas and a liquid or two liquids. 

The most elementary type of scrubber 
is the spray tower ; more complicated types 
have various packings to increase the 
surface area available and are consequently 
more efficient. 

Scyllitol, C # H lt 0 4 , is an inactive form of 
inositol (q.v.) formerly known as cocositol 
and quercine. It forms hard lustrous mono- 
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clinic prisms, M.P. 349°. It was discovered 
in the dog-fish and is present in the leaves 
of Cocos species and of the oak. 

Scymnol, C tT H 4 ,0,. 
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Crystallizes in anhydrous cubes from ethyl 
acetate, M.P. 187°, and with two molecules 
of water from aqueous acetone, M.P. 115°, 
[ a J D + 38-2° in alcohol. It is a polyvalent 
alcohol, related to the sterols and is found 
in the form of its sulphuric ester in shark’s 
bile. 

Seaborg, Glenn T. (1912- ). Sca- 

borg graduated from the University of 
California and obtained his Ph.D in 1937. 
In 1945 he became professor at California. 
He has contributed to the development of 
ultra-microscopic techniques for studying 
the transuranic elements, and is the co- 
discoverer of plutonium, americium, and 
curium. 

Sebacic acid, C 10 H„O 4 

HOOC • [CH,], . COOH, 

crystallizes in colourless nodular masses, 
M.P. 129°. Sparingly soluble in water; 
soluble in alcohol. Manufactured by heat¬ 
ing castor oil with alkalis or by distillation 
of oleic acid. Forms an anhydride, M.P. 
78°-79°. The esters of sebacic acid are 
used in the manufacture of celluloid. 

Secondary radiations. In general, a 
secondary radiation may be defined as 
a radiation produced by the absorption of 
some other, generally more energetic, 
radiation. Thus, when X-rays strike a 
body it emits other X-rays, which are 
termed secondary rays, or secondary 
radiations, characteristic of the atom which 
acts as the emitter. The secondary radia¬ 
tions generally consist of two groups: 
those of shorter wave-length, known as the 
K Series, and those of longer wave-length, 
known as the L Series. This phenomenon 
is also observed with electrons and is then 
termed secondary emission. 

Secretin. The hormone produced by 
the mucous membrane of the duodenum 
that causes secretion of the pancreatic 


juice. The production of secretin is due to 
the presence of acid in the duodenum; 
this occurs when the acid, partially digested 
food leaves the stomach. 
Secretin is believed to be a 
protein or protein degradation 
product. 

Sedimentation. Gravitational 
settling of solid particles sus¬ 
pended in a liquid so that the 
original suspension is divided 
into a more or less clear effluent 
and a sludge with an increased 
solid content. 

As the particles of a sus¬ 
pension obey Stokes’s law (7.0.) 
their rate of sedimentation 
through a liquid of known 
viscosity gives a measure of 
their size. Although colloidal particles do 
not sediment appreciably under the in¬ 
fluence of gravity, they can be made to do 
so in a high-speed centrifuge and their 
size and physical molecular weight thus 
calculated. This is the principle of the 
ultracentrifuge of Svcdbcrg. 

A further consequence of the sedimenta¬ 
tion theory is that the particles of a disperse 
system arrange themselves under the 
influence of gravity so that the disperse 
atmosphere is most dense at the bottom 
of the containing vessel. This has been 
verified by Perrin. See Colloid, Stokes's 
law. 

Sedimentation potential. When the par¬ 
ticles of a suspension are allowed to settle 
under the influence of gravity, the motion 
of the disperse phase through the dispersion 
medium gives rise to a measurable potential 
difference which is termed the sedimentation 
potential. 

Seed crystals. Crystals which are added 
to a supersaturated solution to facilitate 
the crystallization of the whole. 

Seger cones, a form of pvroscopc invented 
by H. Seger and consisting of small tetra¬ 
hedral pyramids 0 cm. high and 1 cm. base. 
They are placed vertically on a slab of 
stiff clay or other suitable material and are 
pressed into it just sufficiently to prevent 
them from falling. On being heated, the 
cones bend over and the tip eventually 
touches the slab ; this is the critical point 
for each cone, and if the conditions of 
heating arc constant it corresponds to a 
definite temperature for each cone. It is 
better, however, to quote the number of 
the cone and not the corresponding tem¬ 
perature. Seger’s original scries was modi¬ 
fied by Simonis and Hacht who increased 
the number of different cones to 64. corre¬ 
sponding to temperatures between GOO 3 and 
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2000° with an average difference of 20° 
between each pair. The cones arc composed 
of felspar, china clay, quartz, iron oxide, 
marble, und boric oxide, or some of these 
materials with the exception of No. 42 
which is composed of pure alumina. 

Seger cones are used for determining the 
refractoriness of clays, glazes, refractory 
materials, etc., and for indicating the 
“ heat-effect ” (tcmj>craturc) in kilns, ovens, 
etc. Sec Scarlc's “ Refractory Materials.” 

Segregation. Applied to a tendency often 
observed in some types of nitration plant 
for the large and small particles to collect 
in different parts of the cake, leading to 
poor performance and bad washing char¬ 
acteristics. 

Seignette salt. A name for sodium potas¬ 
sium tartrate. 

Selachyl alcohol. a-Oleylglycerylether, 
C„H„0„ CH, [CIIj|, • CII: CII - [CH,], • 
O • CII, • CHOH - CH.OH. An oil, B.P. 
242°/5 mm. A constituent of the liver 
oils of clnsmobranch fishes. 

Selective absorption. Sec Absorption of 
light. 

Selenates. Salts of sclcnic acid (g.u.). 
They may be prepared by the generally 
recognized methods, or by the electrolytic 
oxidation of the corresponding sclcnitcs. 
The selenates closely resemble the sulphates, 
but may, however, be reduced to sclcnitcs 
by concentrated hydrochloric acid. With 
the exception of the calcium, strontium, 
barium, and mercurous salts the normal 
selenates arc readily soluble in water. 
Double salts such as K,Sc0 4 , MgSc0 4 , 
6 H a O, and alums of the orthodox crystal¬ 
line form such as M,Se0 4 , AI,(Se0 4 )„ 
2411,0 are readily produced, and many 
selenates arc isomorphous with the corre¬ 
sponding sulphates. In general, the water 
of crystallization in selenates is less ten¬ 
aciously held than in the corresponding 
sulphates. The selenates arc less toxic 
than the selenites. 

Selenibromides. Derivatives of H,ScBr,. 
See Selenium tetrabromide. 

Selenic acid, II,Sc0 4 . Selcnic acid crys¬ 
tallizes in hexagonal prisms, isomorphous 
with sulphuric acid, D" 2*951, M.P. 
57°-58°, B.P. 172°/85 mm. It is prepared 
by oxidizing aqueous selenious acid with 
chlorine, bromine, or potassium perman¬ 
ganate. Better yields are obtained by 
oxidizing with a mixture of barium chlorate 
and sulphuric acid. There are two hy¬ 
drates : II,Sc0 4 , HjO and II,Se0 4 , 4H,0. 
The aqueous solution can be concen¬ 
trated to 96 % by evaporation at 290°, 
where decomposition sets in, so that 
further concentration must be carried out 


under reduced pressure. Selenic acid re¬ 
sembles sulphuric acid in many of its pro¬ 
perties, although its characteristics arc less 
pronounced. It is similar in strength, an 
oxidizing agent which attacks many organic 
compounds with churring, and is a dibasic 
acid yielding the well-defined selenates 
( g.v .), very often isomorphous with the 
sulphates. In contrast to sulphuric ucid, 
selenic acid dissolves iron only slowly, 
whilst gold is easily dissolved by the warm 
acid to yield selenious acid. 

Selenides. Derivatives of hydrogen sclen- 
ide, HjSe. They may be prepared by the 
direct union of the elements, by the action 
of hydrogen selenidc on the element, or on 
an aqueous solution of the metallic salt, or 
by the reduction of an oxy-salt such as a 
selenite with carbon or hydrogen. 

In general the properties of the selenides 
run parallel with those of the corresponding 
sulphides, but they arc less stable, more 
easily oxidized, and more rapidly attacked 
by water to yield the hydride. 

Selenious acid, H,ScO„ forms colourless 
crystals, D” 3*00, which arc deliquescent 
in moist air, hut lose some of their moisture 
in dry air to yield ScO,. The acid is much 
more stable than sulphurous ncid, and can 
be separated os a crystalline solid by 
evaporating its aqueous solution to crys¬ 
tallization. Oxidation to selcnic ncid, 
II,Sc0 4 , is only effected by powerful re¬ 
agents, but reduction to elementary selenium 
is easily brought about. Selenious ncid is 
a weak acid, but neutralizes hydroxides and 
carbonates with the production of sclcnitcs. 

Selenite, a variety of gypsum, which 
occurs frequently as colourless, trans¬ 
parent crystals in London clay, Oxford 
clay, and some shales. In massive form 
it is used for the same purposes as gypsum. 

Selenites. Salts of selenious acid, H,ScO a . 
They may be prepared by the usual methods 
in aqueous solution, or in the anhydrous 
condition by heating the metal oxides with 
selenium dioxide. In the presence of excess 
of selenious acid, acid selenites MHScO, 
have been obtained. Owing to the feeble 
acidity of selenious acid, the selenites are 
alkaline in solution. They are readily 
reduced with the liberation of selenium, and 
have a strong tendency to yield complex 
salts. The alkali selenites are irritant 
poisons. 

Selenium, Se. At. no. 34, At. wt. 78*96. 
Isotopes in order of abundance: 80, 78, 
76, 82, 77, 74. M.P. 170°-220°, B.P. 688°, 
D 4*25-4*8. Occurs in small amounts wide¬ 
spread in nature in sulphide ores, in 
the free state in volcanic deposits, and 
in selenides such as clausthalite, PbSe, 
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and crookesite, (CuTlAg)^. It was dis¬ 
covered ip 1817 by Berzelius in a deposit 
from some sulphuric acid chambers, and is 
still prepared from such industrial residues 
by dissolution, followed by precipitation 
with sulphur dioxide. There are numerous 
allotropic modifications. The red amor¬ 
phous solid (D 4 26) obtained by precipita¬ 
tion with sulphur dioxide is soluble in 
carbon disulphide, and is quickly trans¬ 
formed at 120* into the grey crystalline 
metallic selenium (D 4-8, M.P. 217°), in¬ 
soluble in carbon disulphide. This variety 
is a conductor of electricity, and the con¬ 
ductivity is greater in the light than in the 
dark. This property finds application in 
photo-electric cells. The structure of 
metallic selenium is of some interest. 
It crystallizes in the hexagonal system, 
a = 4-34, c =* 4-95 a., and the atoms are 
arranged in spiral chains. Each atom has 
two neighbours at a distance of 2-32 a., 
the next neighbours (in adjacent chains) 
being at a distance of 3-49 a. Molten 
selenium, when rapidly cooled, solidifies as 
a vitreous amorphous solid, having a con- 
choidal fracture. It is usually marketed 
in this form. The vapour consists of an 
equilibrium mixture of Se„ Sc„ and Sc, 
molecules. 

Selenium combines directly with many 
elements, c.g. oxygen, hydrogen, and 
chlorine. Molten selenium is miscible with 
most metals, and readily yields metallic 
sclcnides, and polysclenides, e.g. Na,Se, 
Na.Sc,, Na.Sc,. 

The element is used industrially for de¬ 
colorizing and tinting glass, and has been 
suggested as an insulator in electric cables 
for reducing the danger of fire. 

Selenium boride, Sc,B,. A yellow solid 
prepared by the action of selenium vapour 
or hydrogen sclcnide on red-hot boron. 

Selenium bromides. Selenium mono¬ 
bromide, Se.Br,. A deep-red liquid, with 
an unpleasant odour, D} s 3 004, B.P. 227° 
(decomp.). Prepared by the action of 
selenium tetrabromide, or bromine, on 
selenium. 

Selenium tetrabromide, ScBr,. A red¬ 
dish-brown crystalline powder, prepared by 
the action of excess of bromine on selenium 
or selenium monobromide. It is hydrolysed 
by water, and yields the selcnibromidcs 
(g.v.) with alkali bromides. 

Selenium carbonyl. See Carbonyl selenide. 

Selenium chlorides, Selenium mono¬ 
chloride, Se.Cl,. A clear, reddish-brown 
liquid, B.P. 130° (decomp.), M.P. — 85°, 
D“ 2-77. Prepared by the action of 
chlorine on heated selenium, or by 
saturating with chlorine a suspension of 


selenium in carbon tetrachloride, in which 
the monochloride is soluble. It is slowly 
decomposed by water, and is a good chlorin¬ 
ating agent. 

Selenium tetrachloride, ScCl 4 , forms 
yellowish-white, deliquescent cubes, M.P. 
305°, B.P. (sublimation temperature) 196°. 

It has been prepared by the action of 
chlorine on selenium or selenium mono- 
chloride, or by distilling sclcnatcs with 
sulphuric acid and sodium chloride, and 
may be purified by distillation in an atmo¬ 
sphere of chlorine. 

Selenium, compounds of. In general 
chemical behaviour, selenium occupies a 
position intermediate between sulphur and 
tellurium, which it can replace in most of 
their compounds. It is tctravalent in most 
of its stable compounds, but forms a large 
scries of organic derivatives, such as Sc(CI I 3 ), 
in which it has a valency of two. Most 
soluble or volatile compounds of selenium 
are extremely poisonous, the symptoms 
generally resembling those of arsenical 
poisoning, and they have been used ns 
bactericides, fungicides, and herbicides. 
Certain selcnites arc satisfactory pigments, 
c.g. those of barium and lead, while others 
arc employed in photographic toning pro¬ 
cesses. 

Selenium cyanides. See Cyanogen sel- 
cnidcs. 

Selenium fluorides, Selenium hexafluoride, 
ScF # . M.P. -39°, B.P. — 34-5°. Pre¬ 
pared by the action of fluorine on selenium 
at 78°. It is a stable gas, which docs not 
attack glass. 

Selenium tetrafluoride.ScVi. M.P. — 13-2, 
B.P. 93’. A colourless, fuming liquid, 
which readily attacks glass, prepared by 
heating a mixture of selenium tetrachloride 
(4 parts) with silver fluoride (4-5 parts) in 
a platinum vessel at GO'. 

Selenium hydride. Sec Hydrogen selenide. 

Selenium iodides. The freezing-point and 
vapour pressure curves for mixtures of 
selenium and iodine do not indicate the 
existence of any compounds, and the exist¬ 
ence of Se.I, and Sel 4 has not been estab¬ 
lished with certainty. 

Selenium nitride, Se 4 N 4 . Prepared by the 
action of liquid ammonia on selenium tetra¬ 
bromide in the presence of carbon disul¬ 
phide. It is a brick-red amorphous powder, 
insoluble in water, alcohol, and ether, and 
slightly soluble in carbon disulphide, ben¬ 
zene and glacial acetic acid. When dry, it 
detonates violently, and is more sensitive 
than mercury fulminate. 

Selenium oxides, Selenium monoxide. 
This compound is unknown. Z. anorg. 
Chem., 1937, 233, 401. 
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Selenium dioxide, SoO„ forms hygro¬ 
scopic, colourless, lustrous, needle-shaped 
crystals, which sublime readily, and have 
D" 3-1)54, M.P. 340° (circa). ' It is pre¬ 
pared by burning the clement in a stream 
of air or oxygen, or in the wet way by 
oxidation with nitric acid. Molten selen¬ 
ium dioxide is orange-yellow, and the 
vapour is yellowish-green. Hydrogen chlor¬ 
ide yields unstable additive compounds, 
Sc0 2 , 2IIC1 and ScO„ 4HC1, whilst selcnious 
acid HjScOj ( q.v .) is formed with water. 

Selenium dioxide finds wide application 
as an oxidizing agent in organic chemistry. 

Selenium trioxide, ScO a . It is prepared, 
mixed with the dioxide, by the action of a 
high-frequency discharge on a mixture of 
selenium and oxygen at a pressure of 15-20 
mm. The mixture of oxides is white and 
hygroscopic, and yields selcnious and selenic 
acids on treatment with water. 

Selenium phosphides. Five selenides of 
phosphorus have been described, viz. 
ScP 4 , SeP„ Sc,P 4 , ScjP, and Sc 4 P,. With 
the exception of SeP 4 , which is a yellow 
oily liquid, they are red solids. They may 
be prepared by heating together the 
elements in the proper proportions. 

Selenium sulphoxide, ScSO,. The green 
solution resulting from the dissolution of 
selenium in sulphuric acid probably contains 
this compound, which is formed by dis¬ 
solving amorphous selenium in molten 
sulphur trioxidc. It is a green liquid, 
which solidifies to a green solid, which 
easily passes to a yellow modification. The 
compound dccom|>oscs on gentle heating. 

Selenocyanates. The salts of sclcno- 
cyanic acid, which arc usually prepared 
from potassium selcnocyanatc. Potassium 
sclcnocyanatc is formed by fusing together 
potassium cyanide and selenium. The 
selenocyanates arc fairly stable compounds, 
and with the exception of the copper, lead, 
mercury, and silver salts, are soluble in cold 
water. 

Selenocyanic acid, HCNSc, may be pre¬ 
pared by the action of hydrogen sulphide 
on lead selcnocyanatc. It is stable only in 
neutral or alkaline solution. 

Selenophosphates. The reaction between 
phosphorus pentasclcnide and aqueous 
solutions of selenides yields the very unstable 
selenophosphates in aqueous solution : 

3M 2 Se + P 2 Se s = 2M,PSc 4 . 

Selenosulphates. See Selenosulphuric 
acid. 

Selenosulphuric acid, H 2 SeSO,. The free 
acid does not exist, but the salts, analogous 
to the thiosulphates, are obtained when 
precipitated selenium is dissolved in aqueous 


solutions of alkali sclcnitcs. The sclcno- 
sulphates, c.g. K 2 SeSO a , arc very unstable, 
and their solutions undergo decomposition 
even on dilution with water, with the 
liberation of selenium. 

Selenotrithionates. Salts of sclenotri- 
thionic acid. The potassium compound is 
obtained during the action of selenium on 
potassium sulphite, and crystallizes first 
on evaporation of the solution. The barium 
salt is soluble in water. They are unstable 
compounds, which readily dissociate to 
yield selenium. 

Selenotrithionic acid, H,ScS,0 4 . The acid 
is obtained by the reaction l»etwccn aqueous 
sulphurous and selcnious acids. It is known 
only in aqueous solution. 

Selinene, C l$ H a( . 



A sesquiterpene, found in celery oil, which 
can be isolated by means of its crystalline 
dihydrochloride of M.P. 72®-74®, [<x] D + 18°. 
The natural hydrocarbon, a-sclincnc, differs 
physically from that regenerated from the di- 
hydrochloride, which is known as 0-sclinenc. 
a-Sclincnc has the constants: B.P. 128°- 
132°/II mm., d” 0-0100, n*° 1-50020, [a] D 
01 -36®. The constants of 0-sclincne are: B.P. 
136®-139®/17 mm. d 10 0 0107, n*, 0 1 50311, 
[<x] D 31-36®. 

Semet-Solvay coke oven [horizontal flues]. 
The regenerators in this type of oven run 
parallel to the length of the battery. The 
air for combustion enters through a blower 
into the waste-heat flue and then into the 
regenerators, up the " riser ” into the top 
No. 1 flue. Its temperature here is about 
800°, and it meets the gas from the burners 
(3 on one side and 2 on the other). It then 
passes down the six side flues meeting and 
burning the gas from these five burners. 
The waste gases pass into the sole flue 
under the oven, and then through the 
regenerators and out ultimately to the 
chimney stack. Reversal of the air flow 
takes place every 15-20 minutes. 

Semibituminous carbonaceous coals. 

These are the non-caking, short-flame coals 
containing about 90 % to 93 % carbon, 4 % 
to 4-5 % hydrogen, and 3 % to 4-5 % 
oxygen. They have a “volatile matter” 
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content of about 15 % ^ 20 % a „d a 
calorific vulue of about 15.000 B.T.U. s/lb. 
In this range are the important steam- 
raising coals. 

Semicarbazide, CH 5 ON„ 

NH, • CONH NH„ 

is a colourless crystalline substance, M.P. 
on 0 Soluble in water and alcohol. Pre- 
nared by the electrolytic reduction of 
nitrourca in 20% sulphuric acid at 10®. 
The liquor is concentrated and semi¬ 
carbazide sulphate crystallizes out. Forms 
crystalline salts with acids. Reacts with 
aldehydes and ketones to give «m>- 
carbazones. Used for the isolation and 
identification of aldehydes and ketones. 

Semicarbazones are organic compound, 
containing the group >C—N • NHCONH,. 
They are formed by treating a solution of 
an aldehyde or ketone in alcohol, dilute 
acetic acid, or pyridine with a concentrated 
solution of semicarbazide hydrochloride. 
Except when pyridine is used as solvent, 
it is usual to add solid potassium acetate 
to remove the free hydrochloric acid 
formed. The semicarbazoncs are crystalline 
substances, sparingly soluble in water, 
alcohol, and acetic acid. They have 
definite melting-points and arc used to 
isolate and identify aldehydes and ketones. 

Semi-direct ammonia recovery process. 
This is the most common method of regain¬ 
ing the ammonia in coal gas as sulphate of 
ammonia. The raw gas is first passed 
through the primary coolers, exhausters, 
tar extractors, rchcatcrs and then to the 
sulphuric acid saturators where the am¬ 
monia in the gas combines with the acid 
to form sulphate of ammonia. 

The ammoniacal liquor obtuiued from 
the coolers is treated in stills with steam 
and milk of lime and the liberated ammonia 
is introduced into the gas stream before the 


saturators. 

The sulphate crystals arc continuously 
ejected by means of a steam-compressed 
air ejector on to a draining table from which 
they are periodically removed into a 
centrifuge, neutralized with virgin liquor, 
“ whizzed ” dry, further neutralized with 
sodium bicarbonate, and dried. 

Modem lead-lined saturators have bottom 
discharge feeding directly the centrifugal 
driers. 

Semi-permeable membrane. A mem¬ 
brane which is permeable to some sub¬ 
stances, e.g. water, and not to others, e.g. 
salt, ions, sugar molecules, is said to be 
semi-permeable. Those commonly used are 
composed of parchment, pig's-bladder, cello¬ 
phane, or copper ferrocyanide, Cu,[Fe(CN),j. 


Semi-polar bond. Sec Valency, theory of. 

Semi-polar double bond. See Co-ordinate 
link. 

Semi-steel. The term applied to cast 
iron to which has been added steel scrap. 
The name is misleading as the product is 
still cast iron, since the carbon content 
usually varies between 2*5 % and 3*2 %. 

Senarmontite. See Antimony trioxide. 

Senderens, Jean Baptiste (1850-1937). 
Born at Barbachen in the Hautes-PyrCndcs, 
Senderens became one of the foremost 
workers in the field of catalysis. In 1890 
he discovered, with Sabatier, the process 
for the catalytic hydrogenation of oils. 

Senega is the dried root of Polygala 
senega, a plant indigenous to North America. 
Senega is administered as a tincture or 
infusion for its property of increasing the 
secretion of mucus in the bronchioles. It 
is prescribed with ammonium carbonate, 
ipecacuanha, and squill to increase ex¬ 
pectoration in chronic bronchitis. 

Senna. Senna leaves are the dried 
leaflets of Cassia acutifolia and Cassia 
angustijolia from plants grown in Egypt 
and India respectively. Senna pods arc 
the dried fruits of these plants. Both 
leaves and |iods are used as purgatives. 

Sensitization. Although the addition of 
a very small amount of a hydrophilic sol 
(such as gelatine) is able to protect a hydro- 
phobic colloid (e.g. gold or arsenic sulphide) 
from the coagulating influence of electro¬ 
lytes, the addition of still smaller amounts 
of the hydrophilic colloid cither coagulates 
the hydrophobic sol or makes it more 
sensitive to the action of electrolytes. 
This phenomenon is known as sensitization 
and is thought to be due, in many cases, 
to the action of the hydrophilic colloid as 
a colloidal electrolyte. See Colloid, Hydro¬ 
philic, Hydrophobic, Coagulation, Protective 
colloid. 

Separation. Separation processes usually 
involve the division of a material according 
to density as distinct from classification 
where the criterion is particle size. 

Separators. These machines arc em¬ 
ployed in a number of industries, such as 
the mining and metallurgical industries, 
to separate a heterogeneous material by 
taking advantage of differences in the 
densities of the components. See also 
Jig, Willley table. 

Sequoyitol, C 7 H 14 O e , a methyl ether of 
t-inositol (q.v.) isomeric with bornesitol, 
extracted from the dry heartwood of 
redwood, Sequoyia sempervirens, has M.P. 
234® and a sweet taste. 

Series, spectroscopic. A spectroscopic 
scries is a group of lines the wave-lengths 
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of which arc related to each other in a 
simple manner and may be expressed by a 
simple formula (c.g. the Balmcr scries, q.v.). 

Serine, a-Amino-/?-hydroxypropionic acid, 
C,H,0,N. Crystallizes 
in large prisms, M.P. CH 2 —CH • COOH 
228°, with decomposi- I 
tion. Soluble in water. OH Nil, 

The naturally occurring 

substance is lrcvorotatory in water, (a)p — 
0-83°, and dextrorotatory in acid, (a]£ + 
14-45°, in normal hydrochloric acid. It is 
one of the amino-acids present in small 
quantities among the hydrolysis products 
of proteins. See “ The Biochemistry of the 
Amino-Acids,” by Mitchell and Hamilton. 

SeSQOioxide. An oxide in which there are 
three equivalents of oxygen to two of 
the other element (e.g. Fc,0,). The prefix 
sesqui- is now little used, and the compound 
Fc,0 3 is called ferric oxide instead of iron 
scsquioxidc. 

Sex hormones. A group of substances 
produced by the testis and ovary that 
have a regulating effect on the sexual 
characteristics. They arc chemically re¬ 
lated to the sterols. The male hormone 
is responsible for the development of the 
genital tract and the secondary male 
sexual characteristics. It is believed that 
testosterone is the true hormone, andros - 
terone and other substances with male 
hormone properties found in the urine being 
degradation products. The male hormone 
can be detected and estimated by its effect 
on the development of the seminal vesicles 
of castrated rats and on the growth of the 
comb of capons. The ovary produces 
two hormones, the follicular hormone and 
the hormone of the corpus lutcum. The 
follicular hormone was called ccstrin before 
its chemical nature was known. It is 
responsible for inducing ccstrus and pro¬ 
moting the growth of the sexual organs. 
It is believed that astradiol is the true 
follicular hormone, oestrone, cestriol and 
other similar substances obtained from the 
urine of pregnancy being breakdown pro¬ 
ducts. The follicular hormone is most 
easily obtained from the urine of stallions 
or pregnant marcs. It can be estimated 
by the effect it produces on the cornifica- 
tion of the vagina of castrated mice or rats. 
The corpus luteum hormone or progesterone, 
suppresses the ccstrous cycle and is re¬ 
sponsible for the growth of the uterus and 
the formation of the placenta in pregnancy. 
Sec ” The Chemistry of Natural Products 
Related to Phcnanthrcnc,” by Fieser, 
“ Sterols and Related Compounds,” by 
Friedmann, and articles on “ The Hormones ” 
in The Annua! Review of Biochemistry. 


Sextol. See Mcthylcyclohcxanol. 

Sextone. Sec Cyclohexanone. 

Sextone B. See Mcthylcyclohcxanoncs. 
Seyler’s classification of coal. As a result 
of a detailed examination of the South 
Wales coals ranging from the bituminous 
to the high grade anthracites, Scyler de¬ 
duced a classification based fundamentally 
on the C/H ratio. The coals arc divided 
into five principal genera according to 
their hydrogen content and each genus is 
further subdivided into a number of species 
according to their carbon content. 

This classification is much used in South 
Wales since from a knowledge of the 
volatile matter and the calorific value of 
the coal, its properties with regard to heat 
treatment can be approximately predicted. 
See Coal, classification of. 

Shaking screen. This class of screen is 
widely used for effecting separations of 
coarse material. The screening surface is 
of wire mesh and is stretched on a 
rectangular framework, the whole being 
slightly tilted to ensure a continuous 
passage of material. A reciprocating motion 
is given to the screen by an eccentric system 
so that the feed is kept in continual motion 
and the undersize allowed to pass freely 
through the mesh. A number of these 
screens may be mounted one above the 
other if separation into three or more 
fractions is desired. 

Sharing, of electrons. See Valency, 
theory of. 

Sharpies super-centrifuge. It is possible 
by decreasing the diameter of the centrifuge 
basket and proportionally increasing its 
speed of rotation to augment the centrifugal 
force without increasing the strain in the 
walls of the basket. This fact is utilized 
in the design of super-centrifuges which 
carry out the separation of small quantities 
of materials which only differ very slightly 
in density, c.g. in the de-waxing of oils. 
In the Sharpies model the basket is very 
deep, slightly tapering with the widest end 
at the top, and comparatively narrow. 
Liquid is fed in through a spray at the base, 
is flung outwards, and rises up the wall 
of the basket where any solid collects, 
finally overflowing at the top edge. These 
centrifuges operate at very high speeds of 
the order of 15,000 R.P.M. 

Shatter test. An empirical test for coke 
(or briquettes) which gives an indication 
of the resistance of the sample to break¬ 
age. 

50 lb. of the sample over 2 inches in size 
are dropped suddenly from a height of 6 feet 
on to an iron plate. The sample is then 
shovelled back into the box and dropped 
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again four times in all. It is then screened 
by hand over 2 inches, 1* inches, and 1 inch 
British Standard Coarse Mesh Test Sieves 
and fractions retained on each recorded as 
a percentage of the whole. 

Shellac. A resinous secretion of the 
insect Tachardia lacca which breeds on 
the twigs of certain Indian trees. It was 
originally used as the source of a dyestuff, 
but is now almost entirely used for its 
content of resinous matter. The crude 
product is filtered from twigs, leaves, larva, 
etc., by heating and squeezing through 
canvas bags; it comes to the market as 
orange lac, T.N. shellac, button lac, seed 
lac, etc., according to purity and physical 
condition. Shellac has a softening point of 
65°-75°. It is soluble in alcohol, except 
for about 4 % of wax which is insoluble 
in cold alcohol. Whereas rosin is soluble in 
hydrocarbon solvents, petroleum, and tur¬ 
pentine, shellac is insoluble in these solvents. 
Shellac yields alcuritic acid, C„H l4 0 4 , 
M.P. 101-5°, on extraction with alkalis. 
It is used extensively for the preparation 
of French polish, gramophone records, and 
insulators on account of its high gloss, 
adhesiveness, hardness, and toughness. 

Shellac plastics. The properties of shellac 
arc improved by special compounding with 
fillers and modifying resins to give thermo¬ 
plastic compositions which arc fabricated 
by compression moulding using a heating 
and cooling cycle. Shellac moulding com¬ 
positions arc used extensively for the pro¬ 
duction of gramophone records and find some 
use in the moulding of radio knobs, dominoes, 
and draughts. Shellac plastics have rela¬ 
tively poor heat resistance and rather high 
water absorption ; they arc suitable for 
gramophone record production on account 
of high abrasion resistance and low shrink¬ 
age value on cooling and thus give high 
fidelity reproduction. 

Sheppard, Samuel Edward (1882-1948). 
A Londoner by birth, Sheppard was educated 
at University College, studying later at 
Marburg, Paris, and Cambridge. After 
two years’ private practice as a photo¬ 
graphic research chemist he joined the 
Eastman Kodak Co. in 1912, becoming 
assistant director of research in 1923. He 
has written numerous books and papers 
on the chemistry of photography, and for 
his achievements in this field was awarded 
the Nichols Medal for 1930. 

Sherardizing, often referred to as vapour 
galvanizing, is the coating of articles of 
iron and other metals by heating them with 
zinc dust in a closed vessel at a temperature 
somewhat below the melting-point of zinc, 
419°. 


Sherman, Henry Clapp (1875- ). Born 

at Ash Grove, Virginia, Sherman was 
educated at the Maryland Agricultural 
College and at Columbia University. Join¬ 
ing the University staff he attained pro¬ 
fessorial rank in 1911 and has been succes¬ 
sively professor of organic chemistry, 
professor of nutritional chemistry, and 
Mitchill professor of chemistry. His work 
on the vitamins, and particularly the appli¬ 
cation of quantitative methods to their 
study, gained him the Nichols Medal in 
1934. 

Shilrimic acid, C 4 H 4 (OH),COOH, is de¬ 
rived from a trihydroxycyclohexanc ( v . 
Inositol). It is found in the fruit of Illicium 
religiosum. 

Short through retorts. Used in coal gas 
manufacture, with a length of 12-10 feet and 
set in arches containing 0-8 retorts. They 
arc generally operated by power-stoking 
machinery. They have a through-put of 
10-50 tons a day. 

Side reaction. Few substances react in 
only one way. Generally a number of 
reactions occur simultaneously, one of 
which is predominant. This is termed the 
main reaction. The other reactions of 
less importance nrc termed side reactions. 

Siderite. Sec Chalybitc. 

Sidgwick.Nevil Vincent (1873- ). Horn 

at Oxford, Sidgwick studied there and at 
Tubingen, later returning to Oxford as 
Fellow nnd Tutor of Lincoln College and 
professor of chemistry in the University. 
His chief work has dealt with the organic 
chemistry of nitrogen, the electronic theory 
of valency, structural chemistry, wave 
mechanics, and resonance. In 1931 he 
was Baker Lecturer at Cornell University, 
and from 1935 to 1937 President of the 
Chemical Society. In the latter year he 
received a Royal Medal of the Royal 
Society, of which he was a Vice-President 
from 1931 to 1933. 

Siemens, William (Karl Wilhelm) (1823- 
1883). Bom at Lcnthe in Ilanover, Siemens 
was educated at Magdeburg Polytechnic 
and Gottingen University. Inventor and 
engineer, he made his home in England nnd 
in 1839 was naturalized. His main re¬ 
searches were directed towards the applica¬ 
tions of heat and electricity. In 1803 he 
introduced the open hearth or regenerative 
furnace which found use in the production of 
steel. He was elected F.R.S. in 18G2 and, 
later, knighted. Sec “ Life of Siemens ” 
(Pole). 

Siemens process. A method of manu¬ 
facturing steel from pig iron in an open-type 
furnace, sometimes called the open-hearth 
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process. The charge of pig iron is put into 
the hearth of the furnace which is heated 
by hot gases and scrap steel added. When 
the charge is melted oxidation of carbon and 
silicon is effected by addition of haematite 
ore and final recarburization by ferro¬ 
manganese. For pigs containing phos¬ 
phorus a basic lining is employed as in the 
basic Bessemer process. 

This method is more costly than the 
Bessemer process but gives a steel of more 
uniform composition, uses up waste scrap, 
and is capable of control between very 
narrow limits. 

Sienna. Raw sienna is a variety of 
limonito, containing 40-70% of iron oxide, 
partly as hydrated iron silicate. The best- 
known deposits arc in Italy. Siennas differ 
from ochres (q.v.) in that they are trans¬ 
lucent rather than opaque. They are used 
ns stains and coloured Tillers for wood and 
other materials. Burnt sienna is obtained 
by calcining raw sienna and is a valuable 
pigment, orange-brown to red in colour. 

Silanes. See Silicon hydrides. 

Silica, SiO,. Silica, or silicon dioxide, 
is one of the most important constituents 
of the earth’s crust. It is known in the 
amorphous form, and in a number of 
crystalline forms, the most important of 
which arc the naturally occurring quartz, 
tridymite, and cristobalitc. Quartz, or 
rock crystal, often occurs in large trans¬ 
parent crystals which arc used for optical 
work on account of their transparency 
to a range of ultra-violet and infra-red 
radiation. There arc two modifications of 
qunrtz, known ns a- and 0-quartz and 
stable below and above 575°, respectively. 
At above 870% 0-quartz is transformed into 
a new modification, tridymite, which in its 
turn is transformed into cristobalitc at 
temperatures above 1470°. Tridymite melts 
at 1710°. Naturally occurring silica is 
frequently discoloured. Yellow sand, for 
example, consists of silica discoloured by 
ferric oxide. A purple variety of quartz 
is known as amethyst. Common flint is 
amorphous silica, which has become dis¬ 
coloured by iron oxide. 

Silica bricks. A term exclusively used for 
refractory bricks made of crushed silica 
rock, preferably ganister, and a very small 
proportion of lime or clay; the latter acts 
as a bond. The bricks arc burned at about 
1400° and arc in great demand for the con¬ 
struction of many kinds of furnaces. They 
arc highly refractory (Seger cone 34-35), 
very resistant to abrasion, fairly resistant 
to slags and other corrosive agents, and 
arc generally satisfactory for the purposes 
for which they are used. 


Silica gel. An amorphous form of hydrated 
silica produced by the precipitation, floc¬ 
culation, or congulution of a silica sol or 
the decomposition of some silicates. When 
freshly prepared the silica appears to be 
in a gelatinous state and, on standing, 
it will ** set ” and form a jelly. After 
l»cing heated it cannot easily be converted 
into a sol and so is termed an irreversible 
gel. Under favourable <*onditions it may 
contain 330 molecules of water to one of 
silicn. When containing 1)0 % of water it 
is solid enough to l>e cut easily, but with 
less than 75 % of water it is frinblc and 
can be ground to powder. 

Dehydrated silica gel is used commer¬ 
cially as an absorl>cnt in the recovery of 
benzol and other solvents from air, also 
for drying air, dehydrating g»iscs, refining 
mineral oils, for lilt ration and ns a support 
for various catalysts. Such a gel is in the 
form of hard granules, chemically and 
physically almost inert but highly hygro¬ 
scopic. After use it can l»c regenerated by 
heat. 

Silicates. A very extensive group of 
substances, many of which arc minerals, 
which arc to be regarded jis derivatives of 
the acid-forming silicon dioxide. Natural 
silicates form a major constituent of most 
rocks. They range in composition from 
comparatively simple minerals, such ns 
zircon, ZrSiO,, which contain discrete 
silicate anions in their structure, to far 
more complex structures in which the silicate 
anion is an extended two- or three-dimen¬ 
sional structure in which oxygen atoms 
form bridges between the silicon atoms. 
See Felspar, Mica, Zeolites. 

The alkali mctasilicatcs arc soluble in 
water. Commercial “ water-glass ” is pre¬ 
pared by boiling powdered flint under 
pressure with concentrated sodium hy¬ 
droxide solution. It approximates in com¬ 
position to Na,Si t O„ and is used as an 
adhesive, for hardening cements, and in 
preserving eggs. 

Silica, vitreous. Silica may be fused in 
the oxy-hydrogen blowpipe, and the amor¬ 
phous vitreous product formed on coolihg 
is known as vitreous silica, or quartz glass. 
It is transparent to ultra-violet light down 
to about 2000 a., and is used in optical work 
on this account. The coefficient of cubical 
expansion has the remarkably low value of 
5 X 10-’, and for this reason apparatus 
constructed of vitreous silica may be sub¬ 
jected to irregular heating or to sudden 
changes of temperature without risk of 
fracture. A translucent variety of silica 
ware is known as Vitreosil. 
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Silicic acids. If a dilute sodium silicate 
solution is added slowly to an excess of 
dilute hydrochloric acid and the resulting 
clear liquid dialysed, a colloidal solution of 
silicic acid is obtained, which is readily 
coagulated to a gel. (Sec Colloids.) Pro¬ 
gressive drying of the gel probably yields 
orthosilieic acid, H 4 Si0 4 , and inetasilicic 
acid, H,SiOj, but these acids are not readily 
characterized as chemical individuals; 
their esters (e.g. (C,H 5 ) 4 Si0 4 , (C,H 4 )^i0 4 ) 
are, however, well-known. The white 
powder formed on hydrolysis of sodium 
tetralluoridc or tetrachloride corresponds 
in composition with orthosilieic acid. The 
existence of a disilicic acid, H,Si0 4 , has 
been claimed. 

Silicides. Binary compounds of the 
metallic elements with silicon (e.g. mag¬ 
nesium silicidc, MgjSi). Such compounds 
arc probably related structurally to the 
carbides, and form a mixture of silicon 
hydrides and hydrogen when they are 
decomposed by aqueous solutions of 
acids. 

Silicofluorides. The salts of hydro- 
fluosilicic acid, H,SiF,. They may be 
prepared by neutralization of solutions of 
the acid with a base, or by the action of 
silicon tetralluoridc on the lluoridc of the 
metal (e.g. SiF 4 + 2NaF - Na,SiF,). The 
salts of Li, K, Na, Ba, and Ca arc very 
sparingly soluble in water and are prccipi- 
tuted by udding a solution of the free acid 
to a solution of the metal salt. 

Silicolorraic anhydride, H,Si,0 4 . An un¬ 
stable gelatinous solid, which is formed by 
the action of ice-cold water on silicochloro- 
form, SiHCl,. It is a powerful reducing 
agent. When heated it decomposes into 
silica and monosilane. 

Silicon, Si. At. no. 14, At. wt. 28 06. 
The element was obtained for the first time 
in a fairly pure state by Berzelius (1822) by 
heating potassium with potassium Huosili- 
catc. It docs not occur native but is of 
widespread occurrence in the form of its 
oxide, one form of which is quartz, and of 
numerous silicate rocks. The clement is 
manufactured commercially by reduction of 
sand, which is impure silica, SiO„ by means 
of coke. A mixture of crushed coke and 
sand is heated in the electric furnace. It 
forms a hard grey crystalline product, which 
is used in the manufacture of alloys. 
Silicon may be prepared in the laboratory 
by heating together silica and magnesium 
powder. The density of crystalline silicon 
is 2-39. The element is known to exist in 
several modifications. Silicon crystallizes 
in the cubic system, a = 5-42 a ., with the 
diamond structure. The commercial ma¬ 


terial usually contains from 70 % to 97-5 % 

The M.P. of silicon is about 1450°. It is 
a poor conductor of electricity. Silicon is 
oxidized when strongly heated in air or 
oxygen. It burns when heated in chlorine 
or in fluorine, forming the tctrahalidc. 
When fused with alkali it forms a silicate 
and liberates hydrogen. It is insoluble in 
water, but is attacked by steam at a red 
heat. 

Silicon borides. A mixture of the two 
borides SiB, and SiB 4 is formed by heating 
a mixture of boron and silicon in on electric 
furnace. SiB, is dissolved from the mixture 
by hot fuming nitric acid, while fused 
potash will attack only the triboride. The 
two compounds may be separated by means 
of these two reagents. Both compounds 
arc crystalline. Their densities arc 2-52 and 
2*47, respectively, and the hardness of each 
is almost equal' to that of carborundum. 
They arc attacked by chlorine or bromine 
at a red heat, but are attacked only super¬ 
ficially by air under the same conditions. 

Silicon (or Silicium) bronze. Silicon is 
a powerful dcoxidunt and very small 
amounts increase the strength and ductility 
of the bronze to which it is added. Only 
traces arc found in the solid alloys whose 
tin content is from 4 % to 5 %. These 
bronzes have a high electrical conductivity 
and arc largely employed for telegraph 
and telephone wires. 

Silicon carbide, SiC. A hard refractory 
material, manufactured by heating a 
mixture of crushed coke and sand with a 
little salt and sawdust in the electric 
furnace. Under the name of carborundum 
(q.v.) it is used in large quantities as an 
abrasive. 

Silicon chlorides. Silicon tetrachloride, 
SiCl 4 . A colourless liquid, B.P. 50 , 8'\ 
formed by heating finely powdered silicon 
or fcrrosilicon in a current of chlorine, 
and purifying the product by fractionation 
with an efficient column. The liquid 
fumes strongly when exposed to moist 
air, owing to hydrolysis. With liquid water 
a gelatinous precipitate of hydrated silica 
is formed. Silicon tetrachloride reacts with 
oxygen at a red heat, forming the oxy¬ 
chloride SijOCl,. 

Silicon htxachloride, Si s CI,. A colourless 
fuming liquid, B.P. 145°, which is formed, 
together with the octachloride, Si 3 Cl g , B.P. 
210°-215°, and the tetrachloride, by the 
action of chlorine on heated silicon. The 
three chlorides are separated by fractional 
distillation. 

Silicon chloroform, SiHCl 3 . A colourless 
liquid, B.P. 33°, d 1-3438, which is formed, 
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together with the tetrachloride, by passing 
hydrogen chloride over powdered silicon 
heated to about 350°. It is separated from 
the tetrachloride by fractional distillation. 

It is much more reactive than chloroform, 
being rapidly hydrolysed by water. It is 
also inflammable and will form a violently 
explosive mixture with oxygen or air. 

Silicon ester. See Ethyl silicate. 

Silicon hydrides. A group of compounds, 
sometimes referred to as silanes, and formed 
by the action of 20 % hydrochloric acid on 
magnesium silicide, which is prepared by 
heating silicon with magnesium in the 
absence of air. These hydrides form a 
homologous series, the following members 
of which have been isolated : SiII 4 (B.P. 
- 1110°), SijH* (B.P. - 14-5°), Si,H, 
(B.P. 52-9°), Si 4 II 10 (B.P. 109°), Si 4 H lt 
(B.P. > 100°), Si 4 H, 4 (B.P. > 100°). An 
alternative method of preparing the hy¬ 
drides SiII 4 and Si,H 4 is by the action of a 
solution of ammonium bromide in liquid 
ammonia on magnesium silicide at — 30°. 
Structurally these hydrides arc similar to 
the saturated paraffins of the general 
formula but they are much more 

reactive. They inflame in oxygen at room 
temperature, or somewhat above it, accord¬ 
ing to the mixture composition. They are 
hydrolysed by alkalis with liberation of 
hydrogen and the formation of a silicate, 
and arc decomposed at a red heat into 
silicon and hydrogen. Silicon forms a solid 
hydride of the empirical formula Sill., 
and a second solid hydride which approxi¬ 
mates to Sill, but these are polymers, and 
in no sense analogous to ethylene and 
acetylene. 

Silicon iodoform, SlHI s . A colourless, re¬ 
fractive liquid, M.P. 8°, B.P. 220’, 3-314, 

which is formed by the action of a mixture 
of hydrogen iodide and iodine on heated 
silicon. It is decomposed both by air and 
by water. 

Silicon nitrides. The nitride Si,N 4 is 
prepared by heating finely divided silicon 
in a current of nitrogen at 1450°. It is a 
grey-white solid, which is chemically rather 
inert. It is not decomposed by water 
vapour at 800°, and is resistant to dilute 
acids. It forms ammonia and a silicate on 
fusion with an alkali. The nitrides SiN„ 
Si a Nj, and SiN have also been described, 
but their identity appears to be somewhat 
ill-defined. 

Silicon oxides. Silicon monoxide , SiO. 
A brown powdery solid, formed by heating 
silica in an electric furnace with a quantity 
of carbon which is insufficient for its 
complete reduction. The monoxide vapor¬ 
izes away and is condensed. It bums when 


heated in oxygen, and is able to decompose 
water with liberation of hydrogen. 

Silicon dioxide. Sec Silica. 

Silicon oxychlorides. Several oxychlorides 
of silicon have been described, the simplest 
being the compound Si,OCl 4 , a liquid which 
boils at 137° and is formed by passing a 
mixture of air and silicon tetrachloride 
through a red-hot tube. The simple 
oxychloride SiOCl*. which would correspond 
to phosgene, C0C1„ is unknown. 

Silicon selenide, SiSe,. Prepared by the 
action of dry hydrogen selenide on crystal¬ 
line silicon at a red heat, silicon selenide is 
a dark, hard mass, with a metallic appear¬ 
ance, and irritating odour. 

Silicon sulphide, SiS,. A white solid, form¬ 
ing silky needle-shaped crystals which can 
be sublimed. It is prepared by heuting 
silicon strongly in sulphur vapour, or by 
passing carbon disulphide vapour over a 
heated mixture of silica and carbon. It is 
decomposed rapidly by water with forma¬ 
tion of hydrogen sulphide and silica. 

Silicon tetrabromide, SiBr 4 . A colourless 
liquid (B.P. 153°, d\*'* 2-789) prepared by 
the action of bromine vapour on silicon at 
a red heat. It fumes in moist air, and is 
rapidly hydrolysed by water with formation 
of hydrated silica and hydrobroinic acid. 

Silicon tetrafluoride, SiF 4 . A colourless 
gas, which fumes in the air. It solidifies at 
— 97°, without liquefaction, at a pressure 
of 1 atmosphere. It is formed by heating a 
mixture of sand, calcium fluoride, and 
concentrated sulphuric acid. It may be 
freed from hydrogen fluoride by passage 
over solid sodium fluoride, and should be 
collected over mercury. The gas is decom¬ 
posed by water, with formation of a deposit 
of silica and a solution of hydrofluosilicic 
acid. Silicon tetrafluoride forms many 
addition compounds, among which is the 
white crystalline compound SiF 4 , 2NH„ 
formed with ammonia. 

Silicon tetraiodide, Sil 4 . A colourless 
crystalline solid (M.P. 120-5°, B.P. 290°), 
which is formed by heating silicon to a red 
heat in the vapour of iodine. It is rapidly 
decomposed by water. 

Silico-mesoxalic acid, H 4 Si 3 O e . A white 
solid, formed by the action of moist air on 
the silicon chloride, Si s Cl 8 . It is insoluble 
in water, but is decomposed by alkalis with 
evolution of hydrogen. It has no acidic 
properties and is a highly polymerized 
substance. 

Silico-oxalic acid, HjSi x 0 4 . A white 

powdery solid, which is formed by hydrolysis 
of hexachlorodisilane, Si s Cl e . It is insol¬ 
uble in water, but dissolves in alkalis with 
evolution of hydrogen. It has strong 
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reducing properties. None of the salts or 
esters arc known, and the substance has 
none of the acidic properties which are 
associated with oxalic acid itself. It is 
highly polymerized. 

Silicon resins. Synthetic resins derived 
from organo-silicon compounds preferably 
by the direct action of alkyl or aryl halides 
on elementary silicon at high temperatures. 
The high breakdown temperatures of the 
plastics enables their use in electrical in¬ 
sulation which can withstand adverse 
service conditions. Certain of the deriva¬ 
tives may be used as lubricants which show 
little variation in viscosity over a wide range 
of temperature. Others have a putty-like 
consistency. 

Silicones. These arc polymerized or¬ 
ganic silicon compounds with the general 
structure :— 

R R R 

—isi—O— Si—O— ii—O— 

k k 

where R is usually the methyl, ethyl, or 
phenyl group. They arc made by reacting 
silicon tetrachloride with a Grignurd reagent 
to give chlorosilancs, Si(R) a (CI),, which on 
hydrolysis give silicones. Silicones have 
been used as greases, hydraulic fluids, 
scaling compounds, varnishes, enamels, 
resins, and synthetic rubbers. Liquid sili¬ 
cones arc colourless, odourless, and inert, arc 
immiscible with water, have high flash 
points, and arc scarcely volatile. Silicone 
greases retain their properties over a range 
of temperatures from — 40° to 200°. 
Silicone resins arc thermostable and have 
been used for electrical insulation. 

Silliman, Benjamin (1770-1864). Silliman 
was born at Trumbull, Connecticut, and 
educated at Yale College as a lawyer. In 
1804, however, he was appointed professor 
of chemistry and natural history, and 
retained this position until his retirement 
as professor-emeritus in 1853. lie was the 
first to produce hydrofluoric acid in America 
and to discover bromine in American 
brines, but his investigations are over¬ 
shadowed by his reputation as a teacher 
and as founder of the American Journal of 
Science and Arts. 

Sillimanite, an alumino-silicic anhydride, 
Al,Oj, SiO„ having the same ultimate 
composition as cyanite and andalusite 
though its crystallographic properties are 
different. The crystals are orthorhombic. 
Refractive indices 1 05, 1-60, 1-67, bire¬ 
fringence 0 02, prism angle 88° 15', sp. gr. 
3'2-3*8, M.P. 1816°. When heated, it is con¬ 
verted into mullite at 950° or above. Much 


commercial sillimanite is calcined cyanite 
and is an indefinite mixture of cyanite, 
sillimanite, and mullite. It is used chiefly 
as a refractory material. In bricks and 
other articles made of well-burned fireclay 
sillimanite, or more probably mullite, forms 
a felted mass of crystals which provide a 
stable skeleton or core embedded in more 
fusible material. 

Siloxene, Si t H,0. A highly polymerized 
solid substance of the above empirical 
formula, which is formed by treating cal¬ 
cium silicidc, CaSi„ with an alcoholic solu¬ 
tion of hydrochloric acid. It is spontane¬ 
ously inflammable in air and has strong 
reducing properties. It has been shown to 
be pscudomorphic with the calcium silicidc 
from which it is produced, and is a flaky 
substance with high adsorptive power. Its 
oxidation in air or in suspension in an 
oxidizing liquid is accompanied by a pro¬ 
nounced chemiluminescence. 

Silver, Ag. At. no. 47, At. wt. 107 880. 
M.P. 900 5*. B.P. 1055°, - 10 402. 

Silver occurs native, in Norway, Peru, and 
Idaho, occasionally nearly pure but more 
often together with gold and copper. The 
important silver ores arc argentitc or silver 
glance, Ag,S; chlorargyritc or horn-silver, 
AgCl; pyrargyrite or ruby-silver, AgjSbS, ; 
silver-copper glance (Cu, Ag),S. The prin¬ 
cipal sources of silver arc the Ontario 
Cobalt Mines, North America, Mexico, and 
Broken Hill (N.S. Wales). 

The metallurgy of silver may be sum¬ 
marized by the following four processes : 

(а) cupcllation, preceded by the Pat tin son 
process; 

(б) Parkes process; 

(e) Amalgamation with mercury ; 

(<f) Wet extraction processes. 

In (a) the lead ore containing silver is 
melted and the resulting silver-lead alloy 
treated in a cupel. 

The cupel, in which the alloy is melted, 
is a shallow dish formed of bone ash, clay, 
and limestone, or cement. A blast of air 
oxidizes the lead to litharge which is 
either removed by the blast itself or ab¬ 
sorbed by the cupel. Previous to cupclla¬ 
tion the silver-lead alloy is concentrated 
by allowing the molten metal to crystallize, 
when lead crystals separate first and may be 
removed mechanically (Pattinson process). 

Parkes process, ( b ), depends on the fact 
that silver but not lead is soluble in zinc; 
zinc is also not very soluble in lead. The 
silver-lead alloy is treated with 1 % to 
2 % zinc; the zinc-silver alloy, which 
forms a crust on the surface, is removed ; 
the zinc distilled off, and the residual 
silver cupelled. 
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The amalgamation process, ( c ), used in 
Mexico, owing to lack of fuel, was invented 
in 1557. The crushed silver ore is well 
trodden by mules on a patio, treated with 
mercury, and a little salt and pyrites, and 
the treading continued for fifteen to forty- 
live days. The amalgam is separated by 
washing and finally distilled in iron retorts. 

In the wet extraction processes, which 
have partially replaced the amalgamation 
process, the silver ore is roasted alone or 
with common salt, when the sulphate or 
the chloride, respectively, is produced. 
These may be extracted with water or 
sodium thiosulphate. In the cyanide pro¬ 
cess, the finely ground ore is treated with 
0-7 % sodium cyanide solution, when 
soluble sodium argcntocyanidc, NaAg(CN)„ 
is formed. I-'rom the various extracts the 
silver is precipitated as the sulphide by 
sodium sulphide and the silver sulphide 
reduced to silver by caustic soda and 
aluminium. 

Silver is refined by cupellation, or by the 
Moebius electrolytic process, in which silver 
nitrate is the electrolyte, pure silver sheet 
the cathode, and the crude block silver the 
anode. The silver is deposited, copper 
dissolves, and any gold forms an anode 
slime. 

Silver is a pure white, malleable, ductile 
metal, which can be beaten into leaves 
only 000025 rnm. thick. The metal 
crystallizes in the cubic system, having the 
cubic close-packed structure, a = 4-07? a. 
Crystals arc obtained by fusion or by 
electrolysis of an acid silver nitrate solu¬ 
tion. The metal dissolves in cold dilute 
nitric acid, and hot concentrated sulphuric 
acid but is unattackcd even by fused alkalis. 

Silver mirrors are formed by depositing 
silver on glass. The usual procedure is 
to reduce an ammoniacal solution of silver 
nitrate with tartaric acid or Rochelle salt. 

Silver bromide, AgBr, is obtained as a 
pule yellow precipitate by the addition of 
a bromide to a silver nitrate solution. 
It melts at 420° to an orange-red liquid. 
The solubility in water is about Ox 10“ 7 gm. 
mole/litre at 25°. It crystallizes in the 
cubic system with the sodium chloride 
structure, a = 5-75 a. It is somewhat more 
soluble in concentrated hydrobromic acid, 
and partially soluble in ammonium hy¬ 
droxide, and is soluble in sodium thiosul¬ 
phate and cyanide solutions. 

Silver chloride, AgCl. Readily obtained 
as a curdy white precipitate by the addition 
of hydrochloric acid or a chloride to silver 
nitrate solution. It melts at 490° to a dark- 
vcllow liquid, which solidifies to a soft 
white mass. It is appreciably volatile at 


300°. Like the bromide it crystallizes in 
the cubic system with the sodium chloride 
structure, a = 5-54 a. Silver chloride is in¬ 
soluble in water (solubility about 10 X 10 ‘ 
gm. mole/litre at 25’). somewhat more sol¬ 
uble in concentrated hydrochloric acid, and 
readily soluble in ammonium hydroxide, 
sodium thiosulphate, and alkali cyanide 
solutions. Combines directly with am¬ 
monia to give the compounds AgCl, 3NII,; 
2AgCI, 3NH, ; AgCl, Nil,. 

Silver, colloidal or collargol, contains about 
70 % of silver rendered colloidal by com¬ 
bination with protein. Solutions of col¬ 
loidal silver arc used for the same purposes 
as solutions of silver nucleinatc ( 7 .U.). 

Silver iodide, Agl, M.P. 550°. Produced 
ns a light yellow precipitate by the addition 
of an iodide to silver nitrate solution. 
Occurs naturally us iodoargyritc, in hexag¬ 
onal crystals. It is dimorphous, crystal¬ 
lizing with the cubic zinc-blende structure, 
a = 0-49 a ., and also with the closely related 
hexagonal wurtzitc structure, a = 4-50, 
c = 7-50 a. Solubility in water is about 
1 X 10“* gm. mole/litre at 25°. Silver 
iodide is readily soluble in potassium iodide 
solutions, from which the compounds Agl, 
KI, and Agl, 2KI may be obtained by 
crystallization. The solutions probably 
contain the ion (I(IAg),]-. It combines 
with ammonia to give the compounds 2AgI, 
NH„ and Agl, Nil,. 

Silver nitrate, AgNO,. The most im¬ 
portant compound of silver, obtained by 
dissolving the metal in dilute nitric acid, and 
crystallizing. The salt is dimorphous, 
crystallizing in the hexagonal and ortho¬ 
rhombic systems. No hydrates arc known. 
On strongly heating, silver nitrate de¬ 
composes into silver, nitrogen peroxide, 
and oxygen. 

Silver nucleinate, mild silver protcinate, 
argyrol, or silver vitcllin, contains from 
20 % to 30 % of silver rendered colloidal 
by means of protein. In solution, the 
silver is not ionized and consequently is 
not precipitated by chlorides. Although 
containing a much higher percentage of 
silver than strong silver protcinate, it is 
weaker in its bactericidal properties and 
is less irritating. Solutions containing 
up to 50 % of silver nucleinate arc applied 
to corneal ulcers and to the nose and throat. 
Weaker solutions are used for gonorrhoea, 
conjunctivitis, and other conditions where 
mild antiseptics arc required. 

Silver oxide, Ag t O. Obtained as a 
brown amorphous precipitate by the addi¬ 
tion of baryta to a silver nitrate solution. 
The dried material still contains 1 % to 
2 % water, and retains 013 % at 100 °. 
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The oxide begins to decompose at 160° 
lith the formation of silver and oxygen 
The oxide is soluble in ammonia, when 
Jhe compound [Ag(NH.).10H is to™**- 
Silver* proteinate. Strong sdver pro- 


hvdroxvbenzyl isothioevanate, and acid sina- 
pin sulphate, which last is converted by 
alkaline hydrolysis into choline and sina- 
pinic acid 

C.H^OHKOMc), • CII: CII • CO*H. 


SUver proteinate. strong si.vc-r ^ - , 

teinate, or protargol. contains about 8 ,<> The sugar „ joincd to the sulphur atom. 

of silver combined with protein and ^ .. Armstrong ' s Glycosides. 

little alkali. It is strongly bactencidal and ffingle bond . The simplest form of bond 


is used for ‘similar purposes to silver nitrate 
hut ns it is not corrosive or astringent and 
is not precipitated by chlorides, it can be 
implied to mucous surfaces more freely. 

It is employed for application to the eye, 
to the urethra for gonorrhma, and to 
wounds and ulcers. 

Silver salt. The commercial name for 
sodium anthraquinone-0-sulphonatc. See 
Anthraquinone sulphonic acids. 

Silver salts, complex. Silver forms a 
number of complex salts in which the 
silver may be contained in either the cation 
or the anion. The cations arc of the type 
fAffRtl*' where R is » monamine or am¬ 
monia. The simplest scries of compounds 
is obtained by dissolving silver salts in 
ammonium hydroxide when such com¬ 
pounds as [Ag(NH,),]OH, from the ox.de, 
[Ag(NH.),]CI, from the ehlor.de, are 
obtained. 

The salts containing silver in the anion 
arc more complex. Solutions of silver 
sodium thiosulphate deposit crystals of 
the compounds Na 4 [Ag,(S,0,) 4 ), 311,0, 

where the complex is [Ag,(S,0,) 4 ].. 

Complex silver cyanides and thiocyanates 
contain the ions: (Ag(CN),]-- and 
fAg(CNS).]—• Complex silver alkali iodides 
contain ions: (Agl,),”, [Ag,I*]*~ and 

^ Silver ^ sulphate, Ag,SO*. Obtained by 
dissolving silver in concentrated sulphuric 
acid or by the addition of a sulphate to 
silver nitrate. It is only sparingly soluble 
in water (solubility 0-77 gm. in 100 gm. 
water at 0°). On strongly heating the 
salt it decomposes completely into silver, 
sulphur dioxide, and oxygen. 

Silver vitellin. See Silver nuclcinate. 

Simpson, Maxwell (1815-1902). Born in 
Co. Armagh, Ireland, Simpson was educated 
at University College, London. Later he 
studied under Dumas, Wurti, Bunsen, and 
Kolbe. From 1847 till 1857 he held a 
lectureship in chemistry at Ledwich School 
of Medicine, Dublin, and thereafter for 
several years concentrated upon research. 
In 1872 he was appointed professor of 
chemistry in Queen’s College, Cork. 

Sinalbin, C»H 41 O ls N^„ the glycoside of 
white mustard seed, is considerably more 
complex than sinigrin. The products of 
hydrolysis by myrosin are glucose, p- 


which occurs, c.g. between two univalent 
atoms, is called a single bond, and is usually 
formed by the sharing of two electrons, 
one from each atom. Thus, there arc four 
single bonds in methane CH 4 , which may 
be written as 


II 

H-C-H 


r Ch r 

ncccn 


where the small letters denote the electrons. 

Singlet linkage. It is possible to avoid 
the extension of the outer electron orbit 
(see Covalency maximum) by assuming 
that bonds can l>c formed by sharing a 
single electron instead of the two electrons 
required by the ordinary theory of valency 
(g.i>.). Such a bond was termed by Sugdon 
a singlet linkage. 

Sinigrin, C,H l4 0,S,K, is the best known of 
the mustard glycosides; it is hydrolysed to 
allyl isothiocyanate, glucose and potassium 
hydrogen sulphate by the enzyme termed 
myrosin, which accompanies it in mustard 
seed. The glucose molecule is attached to 
the sulphur atom : 

< C) SO,K 
S 


Its recognition ns the active principle of 
black mustard seed dates from 1730. 
The myrosin and the glycoside arc contained 
in separate cells and do not interact until 
brought together. 

Smistrin (C 4 II 10 O 5 )*. the fructosan of 
Scilla maritima has [a] D — 44-5*. It is 
held to contain 15 fructose units ; the 
methyl derivative yields tetra-, tri-, and 
di-methylfructosc in the ratio 1:3:1. 

Sintering. The operation of heating 
fine particles so that they soften and stick 
together giving a cake product known as 
a sinter. If the operation is carried out 
in a rotary kiln, it is called nodulizing, and 
the product will be small balls. 

Sitosterol. The sterol found in many 
plants and called sitosterol has been shown 
to be a complex mixture of several closely 
related sterols, the formula: of most of 
which have not been worked out. 

Sizing. Unsized paper is a porous mat 
of cellulose fibres which absorb ink rapidly 
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and cannot be written on (c.g. blotting 
paper). In order to fit paper to its normal 
uses, the pores must be to some extent 
filled up and it has to be given some degree 
of water-repcllcncy. This can be done 
cither in the beaters by the addition of 
rosin and alum or some other colloidal 
mixture, also starch and water-glass, when 
the process is termed engine sizing, or by 
spraying the surface of the ready-made 
paper with glue or the like when it is known 
as surface sizing. See Paper. 

Skatole, 3-Methylindole, C,H,N. Crystal¬ 
lizes in lamime, M.P. 

95°, B.P. 265°-2G6°. It / / \_ C _ C „ 
is the chief volatile con- || * 

stituent of the fa:ces J... 

being formed by the 11/ 
action of the intestinal ^ nH 
bacteria on tryptophan. 

It occurs also in coal-tar and in beetroot. 

Skraup’s reaction. See Anthranol. 

Slack wax. The product which is ob¬ 
tained from the chilling and filtering 
processes in the manufacture of paraffin 
wax : it is afterwards sweated to remove 
the oil and lower-melting waxes. 

Slag. This is (a) a fusible mass produced 
in the smelting of metallic ores and com¬ 
prising the compounds formed by the re¬ 
action of the impurities in the ore and any 
fluxes added to form the slag. A slag 
resembles glass in its composition and 
characteristics but is usually much richer 
in alumina and is much more opaque. 
The impurities in most ores consist chiefly 
of silica and alumina; the fluxes consist 
chiefly of one or more bases such as lime¬ 
stone, which combines with the silica and 
alumina and forms a molten glassy fluid 
which can be run out of the furnace, leaving 
the molten metal. Slogs are often highly 
complex in composition and may contain 
metallic oxides in solid solution. (6) In 
the ceramic industries the term ** slag ” 
is sometimes applied to the molten glassy 
material formed by the action of heat on 
some of the constituents of firebricks of 
various kinds. 

Slags have a highly corrosive action on 
the refractory materials used as crucibles, 
ladles, and furnace linings; the more 
mobile a molten slag the greater is its 
corroding power. 

Slag is used for the manufacture of slag 
bricks, as a bond in magnesia bricks, and 
as grog for low-tcmpcrature bricks. Basic 
slag is used as an agricultural fertilizer. 

Slime. A term used in sedimentation 
or classification processes to denote that 
portion of the solids which is not granular 
and tends to form a comparatively stable 


suspension, settling slowly and leaving a 
cloudy supernatant liquid. In general 
practice all particles smaller thnn 200 
I.M.M. mesh arc classed as slimes. 

Smalt is a potassium silicate glass, 
coloured blue by addition of cobalt; it 
contains 56-70 % of silica, 12-22 % of 
potassium oxide, and 0-10 % of cobalt 
oxide, and is prepared by fusing a specially 
prepared crude cobalt oxide (“ zaffre ”) 
with silica and potassium carbonate. The 
presence of impurities considerably affects 
the colour of the product. Smalt is used 
in ceramics for tinting glazes and enamels. 

Smekal cracks. The canals or pores 
which, on Smekal's theory of the structure 
of crystalline solids, exist between small, 
structurally perfect “lattice blocks” in 
the crystal. 

Smelting. The term is used widely in 
metallurgy, and denotes the melting of 
an ore accompanied by a chemical change, 
so that the substances in the liquid form arc 
different from those originally started with. 

Smith, Alexander (1805-1922). A native 
of Edinburgh, Smith was educated at the 
Universities of Edinburgh and Munich. 
He went to the United States in 1800, and 
in 1894 joined the staff of the University 
of Chicago, becoming professor of chemistry 
and Director of the Laboratories of General 
and Physical Chomistry in 1903. In 1911 
he was appointed head of the department 
of chemistry at Columbia University, 
retiring in 1921. Smith wrote many 
papers, chiefly on amorphous sulphur and 
on the accurate determination of vapour 
pressures, and several text-books which 
revolutionized the teaching of chemistry 
in America. He was president of the 
American Chemical Society in 1911. 

Smith, Edgar Fahs (1854-1928). Bom 
at York, Pennsylvania, he studied at 
Pennsylvania College and subsequently at 
Gottingen. In 1888 he became professor 
of analytical chemistry at the University of 
Pennsylvania, in 1898 he was appointed 
vice-provost, and in 1910 provost of the 
University. His most important researches 
were on electrochemical methods, with 
particular reference to electro-analysis, 
but his work also embraced organic, gen¬ 
eral inorganic, analytical, and historical 
chemistry. In 1926 he was awarded the 
Priestley Medal of the American Chemical 
Society, of which he was president in 1895 
and 1921-1922. 

Smith, Sir Frank Edward (1879- ). 

Smith was bom at Aston, Birmingham, 
and educated at the Royal College of 
Science, London. From 1901 to 1920 he 
was superintendent of the Electrical De- 
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partmcnt at the National Physical Labor- 
atory, then becoming Director of the 
Scientific Research and Experiment De¬ 
partment of the Admiralty. From 1929 
to 1939 he was secretary to the Department 
of Scientific and Industrial Research. He 
has written many papers, dealing chiefly 
with electricity and magnetism, and has 
received the Hughes Medal of the Royal 
Society (1925), the Duddell Medal of the 
Physical Society (1927), and the Faraday 
Medal of the Institution of Electrical 
Engineers (1934). 

Smith, John Lawrence (1818-1883). Bom 
near Charleston, South Carolina, Smith 
studied at the University of Virginia, at 
the South Carolina Medical College, and 
at Paris. From 1847 to 1850 he explored 
the mineral resources of Turkey, revealing 
deposits of emery, chrome ores, and coal. 
After short periods as professor of chemistry 
at the Universities of Louisiana, Virginia, 
and Louisville, he carried out researches 
in his private laboratory. He wrote many 
papers, chiefly on the analysis of minerals 
and meteorites, and was a founder member 
of the American Chemical Society, of which 
he was president in 1877. 

Smithsonite. See Calamine. 

Smokeless fuel. As its name implies, 
it is a fuel which, when burnt in an open 
domestic fireplace or boiler, docs not give 
rise to smoke. The fuel obtained from the 
low-temperature carbonization of coal is 
a smokeless fuel since the constituents 
which give rise to smoke have already been 
distilled off, but sufficient volatile matter 
(about 7 %-10 %) has been left to allow 
the fuel to be easily ignitable and to bum 
freely. 

All smokeless fuels should be compact, 
strong, and have a low ash content. 

Smoke point. A quantity used as a 
measure of the tendency of a lamp oil to 
emit smoke when burning. The height of 
flame, burning in a standard lamp, at which 
smoke is first emitted is measured. 

Soaps are sodium and potassium salts of 
the fatty acids, particularly stearic, pal¬ 
mitic, and oleic acids. Animal and vege¬ 
table oils and fats, from which soaps are 
prepared, consist essentially of the glyceryl 
esters of these acids. In soap manufacture 
the oil or fat is heated with dilute sodium 
hydroxide (less frequently potassium hydrox¬ 
ide) solution in large vats. When hydro¬ 
lysis is complete the soap is “salted out,” 
or precipitated from solution by addition 
of common salt. The excess of alkali, 
containing glycerol from the oil or fat, 
is run off, and the soap washed by boiling 
with water. The soap is then treated, 


as required, with perfumes, etc., and made 
into tablets. In the Twitchell process 
hydrolysis of the fat to free fatty acid 
and glycerol is effected by boiling with 
water in presence of a compound of oleic 
acid with an aromatic sulphonic acid ; 
the soap is obtained by neutralization or 
the fatty acid with alkali. “ Soft soaps 
are potassium soaps containing the glycerol 
formed during hydrolysis of the fat. 

Soda-asbestos. A mixture of caustic soda 
and asbestos used as an absorbent for CO,. 
One variety is called ascarite. 

Soda ash. Anhydrous sodium carbonate, 
obtained in the Solvay ammonia-soda pro¬ 
cess by calcining sodium bicarbonate. 

Soda-lime. A granular material, pre¬ 
pared by slaking quicklime with caustic 
soda solution and heating the product until 
dry. It is a convenient absorbent for 
gaseous carbon dioxide, and is also used 
in testing for ammonium salts in qualitative 
analysis. These, when ground in a mortar 
with soda-lime, liberate free ammonia. 

Soddy, Frederick (1877- ). Born at 

Eastbourne, Soddy studied at the University 
College of Wales (Aberystwyth) and Oxford. 
He was appointed professor of Chemistry 
at Glasgow (19(H), Aberdeen (1914), and 
Oxford (1919). Soddy’s work on radio¬ 
activity elucidated the problem of radio¬ 
active disintegration and led to the discovery 
of the isotopes, lie is the author of 
numerous books on radioactivity and 
economics. Elected F.R.S. in 1910, Soddy 
was awarded the Nobel Prize for Chemistry 
in 1921. 

Sodium, Na. At. no. 11. At. wt. 22-997. 
M.P. = 97-02°, B.P. - 877-5°, D 0 « 0 9725. 
Sodium is usually prepared by the electro¬ 
lysis of fused sodium hydroxide or chloride. 
In a cell designed for use with caustic soda, 
the cathode is an iron rod, and placed 
coaxially with it arc first a gauze cylinder 
and then a nickel cylinder as anode. The 
sodium formed floats to the top and is 
removed by a suitably designed cage. The 
working temperature is about 330°. The 
metal is sent out in scaled tins. Owing to 
secondary reactions, and to the tendency 
for sodium to become dispersed throughout 
the electrolyte, electrolysis of the hydroxide 
is a relatively inefficient method of manu¬ 
facture. Electrolysis of the chloride, al¬ 
though requiring a much higher working 
temperature (about 800°), is much more 
efficient, whilst the chlorine by-product is 
more valuable than hydrogen. 

Sodium is a soft, silver-white metal. 
Octahedral crystals are obtained by allowing 
fused sodium to cool slowly in vacuo. The 
metal has the body-centred cubic structure 
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a = 4*30 a. The vapour and the colloidal 
solution in ether are violet coloured. The 
metal reacts rapidly with oxygen, the 
halogens, and water. It dissolves in 
anhydrous liquid ammonia to form soda- 
midc, NaNH t . 

Sodium acetate is prepared by dissolving 
sodium carbonate in acetic acid (or pyro¬ 
ligneous acid) and crystallizing the solution. 
The trihydrate, NaC,II s O„ 311,0, thus 
obtained, forms colourless monoclinic crys¬ 
tals, M.P. 75°, readily soluble in water; 
the water of crystallization is lost at 100°. 

Sodium acid fluoride, NaHF,. Obtained 
by crystallization of a solution of sodium 
fluoride in hydrofluoric acid, or by the 
direct reaction between sodium peroxide 
and hydrofluoric acid, when hydrogen 
peroxide is also liberated. The salt decom¬ 
poses at 270* into sodium fluoride and 
hydrogen fluoride. There is evidence that 
aqueous solutions of the salt contain the 
ion (F,H)-. 

Sodium acid sulphate. The acid sulphate 
NnllSO, is obtained by the action of sul¬ 
phuric acid on sodium chloride at 120°. 
From a study of the system 

Na 2 S0 4 —11,SO,—11,0, 
the compounds 

NaHSO ( , Na,S0 4 ; NaI!S0 4 ; 

NalIS0 4 , H,0 ; NaHSO,. I1,S0 4 ; 

NalIS() 4 , II,S0 4 , 1-511,0; 
and 2NaIIS0 4 , Na,S0 4 

have been shown to exist. The anhydrous 
salt, NaHS0 4 , crystallizes in the triclinic 
system. The M.P. is 185-7° and above this 
temperature decomposition into the pyro- 
sulphate, Na,S,0 T , and water takes place. 

Sodium acid sulphite. Sodium bisulphite, 
NallSO,. Obtained by saturating aqueous 
solutions of caustic soda or sodium bi¬ 
carbonate with sulphur dioxide. The salt 
is known only in solution. The aqueous 
solutions decompose on heating with the 
production of sulphate and free sulphur. 

Sodium ammonium hydrogen phosphate. 
Sec Microcosmic salt. 

Sodium arsenate, Na a As0 4 , is manu¬ 
factured by fusing sodium hydroxide and 
arsenious oxide in presence of a reducible 
metallic oxide, such as antimony trioxide, 
extracting the cooled melt with water, 
and crystallizing. It is also made by 
electrolytic oxidation of sodium arsenite 
solution. The hydrate, Na,As0 4 , 12H,0, 
forms colourless hexagonal prisms which 
give an alkaline solution in water. The acid 
salts Na,HAs0 4 and NaH,As0 4 are known. 

Sodium benzoate, C a H s COONa. A white 
crystalline powder, soluble in 2 parts of 


water and 50 parts of alcohol. It has 
diuretic and antiseptic properties, and is 
an expectorant. It is used as a urinary 
antiseptic and for gout and rheumatism. 
It is excreted as hippuric acid. 

Sodium bicarbonate, NallCO,. The an¬ 
hydrous salt crystallizes in the monoclinic 
system. On heating, the salt decomposes 
into the normal carbonate. Aqueous solu¬ 
tions react strongly alkaline owing to 
hydrolysis. 

Sodium borate, Na,B 4 0,. See Borax. 

Sodium bromate, NaBrO,. M.P. 381°, 
D = 3-254. Prepared by the electrolysis of 
aqueous sodium bromide, or by the action 
of bromine on hot caustic soda. 

Sodium bromate crystallizes in the cubic 
system, and is cnantiomorphic, and iso- 
morphous with sodium chlorate. The 
solubility in water is 27-5 gm. in 100 gm. 
11,0 at 0°; supersaturated solutions arc 
readily prepared. 

Sodium bromide, NaBr. M.P. 700°, B.P. 
1306°, I)f* = 3-202. Formed, together with 
bromate, by the reaction of bromine with 
hot caustic soda solution. The pure salt is 
obtained by the action of bromine on cither 
sodium oxalate or ammoniacal sodium car¬ 
bonate. Sodium bromide crystallizes in the 
cubic system, a = 5-94 a., the crystals having 
the sodium chloride structure. Solubility in 
water is 44-47 gm. in 100 gm. 11,0 at 0°. 
Two hydrates, NaBr, 2H,0 (monoclinic), 
and NaBr, 511,0, arc known. Sodium 
bromide is soluble in liquid ammonia, and 
two solid phases, NaBr, NH, and NaBr, 
5NH,, have been isolated. The salt is also 
soluble in hydrazine, methyl and ethyl 
alcohols, acetone, pyridine, aniline, formic 
and acetic acids. 

Sodium cacodylate. White, prismatic, 
very deliquescent r|| 

crystals. M.P. about . * 

60°, becomes anhy- 0 :As^CII„ 311,0 
drous at 120°. Very ()Na 

soluble in water and 
alcohol. It is administered intramuscularly 
for syphilis, tuberculosis, cancer, anremia, 
and chronic skin diseases. It is scarcely 
toxic, and owes its action to the slow 
liberation of arsenic ions. 

Sodium carbonate, Na,CO,. M.P. 8G0°. 
The anhydrous salt is readily prepared 
by heating the bicarbonate to 250°. On 
strong heating it decomposes into sodium 
monoxide and carbon dioxide; the dis¬ 
sociation begins at 700°, and becomes ap¬ 
preciable at about 1000°. A study of the 
system Na,CO,—H,0 has shown the exist¬ 
ence of hydrates containing 10, 7, and 1 
molecules of water. The solubility at 0° is 
6-97 gm. anhydrous salt in 100 gm. H,0. 
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The commonest hydrate is the dccahydrate, 
washing soda; this hydrate crystallites in 
the monoclinic system. The anhydrous 
salt is insoluble in liquid ammonia and 
carbon disulphide, and only slightly soluble 
in anhydrous ethyl alcohol. 

Sodium chaulmoograte and Sodium bydno- 
carpate are the sodium salts of the fatty 
acids from chaulmoogra and hydnocarpus 
oils. Aqueous solutions of these salts arc 
administered for leprosy by intramuscular 
and intravenous injection. 

Sodium chlorate, NaCIO,. Formed, either 
by the action of chlorine on hot aqueous 
caustic soda, or by the electrolysis of 
sodium chloride solution (sec Chloric acid). 
Sodium chlorate crystallizes in the cubic 
system, and is ennntiomorphic. The solu¬ 
bility is 79-5 gm. in 100 gm. 11,0 at 0° ; it 
is also soluble in liquid ammonia, hydrazine, 
mcthylaminc, cthylnininc, and in water- 
alcohol mixtures. It is used on a large scale 
as a wccd-killer. 

Sodium chloride, NaCI. M.P. 801°, B.P. 
1439°, D* 2168. Sodium chloride, or 
common salt, occurs naturally us rock salt, 
distributed extensively over the earth’s 
surface, and to the extent of 3 % in sen 
water. Commercial salt is obtained from 
either of these sources, and is purified by 
rccrystallization. Pure sodium chloride is 
obtained by saturating a strong solution 
of brine with hydrogen chloride gas when 
the pure salt is precipitated. Magnesium 
chloride, a very common impurity, is 
removed by precipitating the sodium 
chloride with ether. 

Sodium chloride crystallizes in the cubic 
system, a — 5 028 a. The structure of sodium 
chloride is illustrated in the accompanying 
figure. Many compounds AX possess this 
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structure, including most of the alkali halides 
(except CsCl, CsBr, and Csl) and the alkaline 


earth oxides and sulphides. At about 1400° 
it decomposes into sodium and chlorine, the 
heat of dissociation being 128 K.cal/gm. 
mole. Only one hydrate, NaCI, 2H 2 (), is 
known. Sodium chloride is also soluble in 
liquid ammonia, a compound NaCI, SNIIj 
being the stable solid phase between — 70-6° 
and - 9-5°. 

Sodium citrate. C.H*0,Na a . 211,0. White 
granular crystals, very soluble in water. 
It is deliquescent in moist air, and cfllorcs- 
cent in warm dry air. It can also be ob¬ 
tained with five and a half molecules of 
water of crystallization. It is used medi¬ 
cinally as an anticoagulant for blood and 
to prevent the formation of large curds in 
the stomach of infants. It is also used to 
raise the alkalinity of the blood in acidosis. 

Sodium cyanide, NaCN. M.P. 5G3 , 7'\ B.P. 
1500°. The industrial salt contains usually 
as impurities carbonate, sulphide, chloride, 
and cyanate, and is most readily purified 
by recrystallization from liquid ammonia. 
Aqueous solutions arc alkaline in rcuction, 
and slowly evolve hydrocyanic acid. 

Sodium diethyldithiocarbamate. See l)i- 
ethyldithiocarbamic acid. 

Sodium ethoxide, Sodium ethylate, 

CHjCHjONa, 

is a white amorphous solid. Soluble in 
alcohol ; insoluble in benzene. Prepared 
by dissolving metallic sodium in ethyl 
alcohol and distilling off the excess alcohol. 
Decomposed by water to alcohol and sodium 
hydroxide. Reacts with alkyl halides to 
give ethers, and also with certain esters 
as in the Claiscn reaction. Used in organic 
syntheses. 

Sodium fluoride, NaF. M.P. 993°, B.P. 
1705°. Occurs naturally as the mineral 
villiaumitc, and in the double fluorides, 
cryolite, NtjAIF,; cryolithionitc, 3NaF, 
3LiF, 2A1 Fj. Most readily prepared by 
neutralizing hydrofluoric acid with sodium 
hydroxide or carbonate, and crystallizing. 
The solubility at 25° is 4 03 gm. in 100 gm. 
H,0. Sodium fluoride is readily decom¬ 
posed by hydrogen chloride gas and sul¬ 
phuric acid with the evolution of hydrogen 
fluoride. Sec also Sodium acid fluoride. 

Sodium fluoroacetate. See Fluoroacetutcs. 

Sodium formate, CHO.Na, 11,0. Colour¬ 
less monoclinic deliquescent crystals, which 
on heating melt in their water of crys¬ 
tallization and then solidify in an an¬ 
hydrous mass. M.P. (anhydrous) 253°. 
Soluble in water (1 in 2). It has a diuretic 
action and is used medicinally for its tonic 
effect on muscle. It is a powerful 
antiseptic. 
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Sodium hydnocarpate. See Sodium 
chaulmoograte. 

Sodium hydride, NaH. Sodium hydride 
is most readily prepared by passing a 
current of pure dry hydrogen over sodium 
at about 350°. It is a white crystalline 
substance, with the same lattice structure as 
sodium chloride. On heating to above 300° 
dissociation becomes apparent; at 400° the 
dissociation pressure is 355 mm. Elec¬ 
trolysis of the hydride in a fused mixture 
with lithium and potassium chlorides leads 
to the evolution of hydrogen at the anode. 

Sodium hydride inflames spontaneously 
with oxygen at 230°, and with the halogens 
at ordinary temperatures. Reacts with 
water with the formation of caustic soda 
and the evolution of hydrogen ; with liquid 
ammonia to give sodamidc and hydrogen; 
and with acetylene at 100° to give an 
acctylidc, CII 2 CNa, and hydrogen. 

Sodium hydrosulphide, NaSH. The an¬ 
hydrous salt is most readily prepared by 
saturating a solution of sodium in alcohol 
with dry hydrogen sulphide. The precipi¬ 
tate is washed with ether and dried at 110° 
in an atmosphere of hydrogen. From 
aqueous solutions the hydrates NaSH, 
1511,0; NaSH, 2H,0 ; NaSH, 311,0, have 
been isolated. On strongly heating in 
vacuo the anhydrous salt decomposes into 
the monosulphide and hydrogen sulphide. 
The aqueous solutions arc only slightly 
hydrolysed (015 % at 25° for 0-lN). 

Sodium hydroxide, Caustic soda, NaOH. 
M.P. - 318 4°, B.P. = 1388°, D»» = 1-780. 
Prepared by the electrolysis of sodium 
chloride or from the carbonate by reaction 
with milk of lime (causticisation). 

Sodium hydroxide is a white, translucent, 
hygroscopic solid. Hydrates containing 7, 
5, 4 (two forms a and 0), 3-5, 3, 2, and 1 
molecules of water of crystallization arc 
known. At high temperatures (about 1300°) 
the compound decomposes into its elements, 
and reduction with hydrogen can be de¬ 
tected at 800*. At 450° sodium reacts 
with the hydroxide to give sodium mon¬ 
oxide ; the fused salt reacts with potassium, 
an equilibrium Iv + NaOH ^ Na + KOH 
being established. 

Sodium hydroxide dissolves in water, with 
the evolution of heat, producing a strongly 
alkaline solution. The solution readily 
absorbs carbon dioxide, sulphur dioxide, 
etc. Caustic soda is a powerful cautery. 

Sodium hypochlorite, NaOCl. Formed, 
together with chloride, by the reaction 
between chlorine and cold' dilute caustic 
soda (see Hypochlorous acid). Two hy¬ 
drates, NaOCl, 5H.O and NaOCl, H a O, 
arc known. The aqueous solution possesses 


marked bleaching properties, and, in the 
form of a dilute aqueous solution, it in used 
as an antiseptic for wounds, ulcers, and 
carbuncles. 

Sodium hyposulphite, Na,S,0 4 . Prepared 
by the reduction of sodium bisulphite 
solutions with zinc in the presence of excess 
sulphur dioxide. A crystalline precipitate 
of the dihydrate is obtained. The anhy¬ 
drous salt is obtained by heating the 
hydrate to 65*. Sodium hyposulphite is 
very readily oxidized, especially in the 
presence of moisture and in solution. At 
80° the products arc sodium thiosulphate 
and bisulphite. It is used to a large 
extent as a reducing agent in organic 
reactions, and as an oxygen absorbent. 

Sodium iodate, NalO,. The commercial 
product may contain iodide, chloride, brom¬ 
ide, chlorate, and periodate as impurities ; 
the salt is most readily purified by recrystal¬ 
lization. The anhydrous salt is obtained by 
crystallization above 73 4° ; between 10 0° 
and 73-4° the monohydrntc is deposited. 
Below 19 0° the pentahydratc is obtained. 
Two acid iodates arc nlso known : NalO., 
2HIO, and Na,I 4 0,,. 

Sodium iodide, Nal. M.P. 005°, B.P. 1300°, 
DJ‘ — 3-665. Pure sodium iodide is ob¬ 
tained by neutralizing hydriodic acid with 
sodium carbonate, evaporation and crystal¬ 
lization. To obtain the anhydrous salt, 
evaporation to dryness in an inert atmo¬ 
sphere has been recommended. The anhy¬ 
drous salt crystallizes in the cubic system. 
Two hydrates are known, Nal, 511,0 and 
Nal, 2H,0, the latter crystallizing in mono¬ 
clinic prisms. A number of stable com¬ 
pounds with sulphur dioxide arc known 
(Nal with 1, 2, 3, and 4 molecules of SO,). 
With liquid ammonia the two compounds 
Nal, 6NH, and Nal, 4-5 NH, are formed. 
Sodium iodide is soluble in liquid ammonia, 
hydrazine, liquid sulphur dioxide, and 
methyl, ethyl, propyl, butyl, and amyl 
alcohols. 

Sodium lactate, C,H,0,Na. The sodium 
salt of lactic acid. It is obtained as a 
yellowish viscous liquid, completely miscible 
with water. It is used as a glycerine 
alternative particularly in calico printing, 
as it has greater hygroscopic power than 
glycerin. It is also used in the finishing 
of various textiles and as a plasticizer for 
casein. 

Sodium morrhuate is a mixture of the 
sodium salts of the purified unsaturated fatty 
acids from cod-liver oil. A 5 % aqueous 
solution is injected into varicose veins to 
promote sclerosis. Sodium morrhuate solu¬ 
tions are also injected subcutaneously in the 
treatment of tuberculosis and leprosy. 
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Known industrially as Chile saltpetre. 
The pure salt is most readily prepared by 
recrystallization of the commercial product. 
The salt crystallizes in the rhombohedral 
system, and is isomorphous with calcite. 
No hydrate is known. The solubility in 
water is given as 73-4 gm. in 100 gm. at 0° ; 
the salt is also soluble in liquid ammonia, 
hydrazine, and acetone. 

Sodium nitrite, NaNO,. M.P. 217°. For 
preparation see Nitrous acid. The pure salt 
is most readily obtained by rccrystalliza- 
tion of the commercial product. The 
anhydrous salt crystallizes in the ortho¬ 
rhombic system. On heating to 320° de¬ 
composition begins with the formation of 
oxides of nitrogen and sodium oxide and 
nitrate. On oxidation sodium nitrate is 
formed. The solubility at 0° is given as 
41-9 gm. NaNO, in 100 gm. H,0. 

Sodium oxalate, C,0 4 Na,. Colourless 
needles, soluble in water up to 4 %. Acid 
sodium oxalate, C,0 4 HNa, crystallizes in 
monoclinic crystals with one molecule of 
water and is less soluble than sodium 
oxalate. 

Sodium oxides, Sodium monoxide, Na,0. 
Is formed by the direct reaction between 
sodium and a deficiency of oxygen, the 
excess sodium being distilled off in vacuo, 
or by the reduction of the peroxide with 
carbon, silver or sodium. It forms white 
or slightly yellow cubic crystals. It reacts 
directly with hydrogen at 180°, forming 
sodium hydroxide and hydride. With 
liquid ammonia it gives sodamidc and 
caustic soda. It reacts exceedingly vio¬ 
lently with water, with the formation of 
caustic soda ; the heat of solution is 50,000 
cals./gm. mole. 

Sodium peroxide, Na,O t . Formed by the 
direct combination of sodium with oxygen 
in excess. It is a white, crystalline solid, 
which becomes yellow when hot. Sodium 
peroxide is a strong oxidizing agent, reacting 
directly with iodine vapour to give sodium 
iodate and iodide, together with ozone; in 
the presence of moisture the periodate, 
Na,H,IO a , is formed. It reacts with carbon 
at about 300° with the production of car¬ 
bonate and sodium metal. It reacts with 
excess water with the formation of sodium 
hydroxide and hydrogen peroxide, the latter 
decomposing rapidly in alkaline solution; 
from a cold solution, 0°, crystals of the 
octahydrate Na,0„ 8H,0 separate. 

Sodium perchlorate, NaC10 4 . M.P. 482°. 
Formed by the electrolysis of sodium 
chloride solutions, or by heating sodium 
chlorate (see Perchloric acid). Sodium per¬ 
chlorate crystallizes in an orthorhombic 


form, stable at low temperatures, and in a 
cubic form, stable at high temperatures, 
with a transition temperature of 301*5°; 
both forms arc hygroscopic. A hydrate, 
NaC10 4 , H x O, is known; solubility of 
NaC10 4 is 67-5 gm. in 100 gm. water. 

Sodium periodates, Sodium metaperiodate, 
NaI0 4 . A solution containing 80 gm. 
NaOH and 20 gm. Nal in 300 ml. H,0 is 
saturated with chlorine; on allowing to 
stand several hours at 45° a crystalline 
precipitate of the metaperiodate is obtained. 
It may be purified by recrystallization. A 
trihydrate NalO*, 311,0 is known, which 
separates from aqueous solutions below 
34*5° ; above this temperature the anhydrous 
salt is obtained. 

Disodium paraperiodate, Na,H,IO a . Ob¬ 
tained by saturating a cold aqueous solution 
of sodium iodute containing caustic soda 
with chlorine, and allowing the solution to 
crystallize at ordinary temperatures. The 
solubility is given as 0*104 gm. in 100 gm. 
11,0 at 0°. 

Trisodium paraperiodate, Na,H 2 IO e , is 
obtained by the above method when the 
iodate : caustic soda ratio, is 1 : 5. 

Sodium phosphates. Three sodium phos¬ 
phates are known: sodium dihydrogen 
phosphate, NaH s P0 4 ; disodium hydrogen 
phosphate, Na,HP0 4 ; and trisodium phos¬ 
phate, Na,P0 4 . Numerous hydrates of 
these salts are also known. 

Sodium potassium tartrate, Rochelle salt, 
C 4 H 4 O t NaK, 411,0. Colourless rhombic 
prisms, very soluble in water. It is a saline 
aperient and is used in the production of 
silver mirrors. The crystals have piezo¬ 
electric properties. 

Sodium pyrosulphite. Sodium mctabisul- 
phite, Na,S,O s . Prepared by saturating 
a 30 % caustic soda solution at 100° with 
sulphur dioxide; on slow cooling crystals 
of anhydrous sodium pyrosulphite separate. 
From a study of the system Na,S,Oj—H s O, 
two hydrates, Na,S,0 4 , 7H.O and Na 2 S 2 0 4 , 
6H,0, have been shown to exist. 

Sodium salicylate, C a II 4 • OH • COONa. 
A white crystalline powder, very soluble 
in water. It is one of the most valuable 
drugs for the treatment of gouty and 
rheumatic ailments as it increases the 
elimination of uric acid. It also has 
antipyretic properties. 

Sodium silicates. Numerous silicates of 
sodium are known. The metasilicate, 
Na,SiO„ or water-glass, is obtained by 
melting together sodium carbonate and 
quartz or sand in a reverberatory furnace at 
high temperatures. The product contains 
2-4 molecules SiO, to one of Na,0, and is 
known as water-glass or soluble-glass as it 
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Sodium nitrate, NaNO,. M.P. SOS' 



Sodium 


Solid 


4S0 


is soluble iu water. It is used as an ad¬ 
hesive in the cardboard industry, in road 
construction, and in dilute solution for 
preserving eggs. 

Sodium stannate, Na,SnO„ 3H a O, is pre¬ 
pared by fusing tin oxide with caustic soda. 
It is used as a mordant. 

Sodium sulphate, Na a S0 4 . M.P. 884°, B.P. 
1429°. Occurs naturally as thenarditc and 
as the dccahydratc in mirnbilite ; numerous 
double sulphates are also known. 

The salt is an industrial by-product. 

It is readily purified by rccrystallization. 
At ordinary temperatures sodium sulphate 
crystallizes in the orthorhombic system, but 
at about 250" there is a transition to the 
hexagonal system. From a study of the 
system Na a S0 4 -II a 0 the dccahydratc and 
a mctastablc heptahydrate have been shown 
to be the only hydrates. The dccahydratc, 
Na a S0 4 , 1011.0, crystallizes in the mono¬ 
clinic system. Sodium sulphate is only 
sparingly soluble in methyl, ethyl, and iso¬ 
propyl alcohols. The dccahydratc, also 
known as Glauber's salt, is used very largely 
ns a saline aperient. 

Sodium sulphides, Sodium sulphide, Na a S. 
The anhydrous salt is most readily obtained 
by the dehydration of the pentahydratc at 
55° over phosphorus pentoxide, or from the 
non a hydrate at 200" in an atmosphere of 
hydrogen. From the system Na a S —H a O 
the hydrates Na a S, 10H a O ; Na a S, OH a O ; 
Na a S, GH a O; Na a S, 5 5H a O ; Nn a S, H a O 
have been shown to exist. The non* 
hydrate is very readily obtained by crystal¬ 
lization of a saturated solution at ordinary 
temperatures. Both the aqueous and alco¬ 
holic solutions show a marked hydrolysis. 
The aqueous solutions are readily oxidized, 
sodium thiosulphate being produced. 

Sodium polysulphides are readily obtained 
by reaction between sulphur and sodium in 
liquid ammonia; in addition to the mono¬ 
sulphide, the bi-, tetra-, penta-, and hexa- 
sulphidcs can be isolated. From a study 
of the system Na—S, it appears that nine 
compounds are capable of existence. 
Aqueous solutions of the sulphides are 
unstable, sulphur being deposited. 

Sodium sulphite, Na a SO a . The anhydrous 
salt is stable in air to about 100"; at red 
heat it decomposes into sodium sulphate and 
sulphide. Only one hydrate, Na a SOj, 7H a O, 
is known ; it crystallizes in the monoclinic 
system. Aqueous solutions of the salt are 
unstable in the presence of oxygen, the 
sulphite being oxidized to sulphate. See 
also Sodium acid sulphite. 

Sodium thiosulphate, Na a S a O a . The an¬ 
hydrous salt is most rapidly prepared by 


the dehydration of a hydrate at a tempera¬ 
ture not exceeding 105"; it is very hygro¬ 
scopic. It is readily oxidized in the air to 
sodium sulphate and sulphur dioxide. A 
study of the system Na a S a O a -II a O has 
shown the existence of many hydrates; the 
most stable arc those containing 10, 5, 2, 1, 
and } molecules of water of crystallization. 
The commonest salt is the pentahydratc, 
Na a S a O s , 511,0, crystallizing in the mono¬ 
clinic system. Aqueous solutions arc fairly 
rapidly oxidized in the presence of air to 
sodium tctrathioiiate and sulphate. Under 
the name of “ Hypo” it is extensively used 
in photography. 

Softened rubber. By heating shredded 

rubber in a non-oxidizing atmosphere to 
temperatures of about 330°-347° F. for 
1 hour, followed by 40 minutes’ controlled 
oxidation in air at the same temperature, 
there is obtained a material which is con¬ 
siderably softer than the original rubber. 
This softened rubber can be used for the 
processes applied to normal rubber. Vul- 
canizatcs prepared from softened rubber 
alone arc not satisfactory, but if mixtures 
of softened rubber and untreated rubber 
arc used the mixes arc easier, quicker, and 
cheaper to work than mixes from ordinary 
rubber. Vulcanizatcs prepared from such 
mixtures have the advantage of a smaller 
water absorption than vulcanizatcs from 
normal rubber, but arc inferior in some 
other physical properties. The process is 
comparatively new, and has not yet attained 
any wide commercial importance. 

Softeners. Compounds added to the 
rubber mix to soften the mix, to facilitate 
mixing, and to improve the dispersion of 
compounding ingredients. The more im¬ 
portant types arc : fatty acids and soaps, 
aliphatic and aromatic hydrocarbons, 
asphalts and bitumens (mineral rubber), 
coal-tar and pitch, wood-tars, synthetic 
and natural resins, vegetable oils. 

Solder. See Tin alloys. 

Soldering consists in causing a melted 
metal to adhere to the surface of another 
metallic substance by a process of diffusion 
through chemical solution. 

Solid bodies. The chemistry of solid 
compounds is complicated because the 
arrangement of the various atoms depends 
partly on the chemical attractions between 
the atoms and partly on the relative sizes 
of the atoms ; the latter has an important 
bearing on the close-packing of the solid. 
X-ray analysis has shown that in many 
solids the actual positions of the atoms do 
not agree with the chemical formula* 
founded on theoretical views of valency. 
Sec “ Crystal Chemistry,” by R. C. Evans. 
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Solid foams. It often happens that 
during a chemical decomposition in a 
liquid system, gas is evolved and a solid 
formed. From the physical conditions of 
its formation, this solid is composed of a 
porous network enclosing gas and possesses, 
therefore, a high specific surface. Examples 
of this type of colloid arc charcoal and 
meerschaum. See Colloids, Adsorption. 

Solid-phase rule. See Disperse-phase 
rule. 

Solid solution. A homogeneous mixture 
of two solids, which is not a compound, 
because its composition may vary between 
certain limits, is called a solid solution. 

Solidus. Sec Liquidus. 

Solubility. The maximum quantity of 
one phase dissolved by another under given 
conditions. In the case of solutions of 
solids or liquids in liquids the solubility 
is expressed as the weight which can be 
dissolved by a given volume or a given 
weight of the liquid at a given temperature. 
For solubility of gases, see Henry’s law. 

Solubility curve. A curve expressing 
the variation with temperature of the 
amount of one substance which will dis¬ 
solve in another. The commonest form 
is a curve showing the solubility of a salt 
in water at a series of temperatures. Solu¬ 
bility curves may, however, be constructed 
for other systems (c.g. liquid-liquid or solid- 
solid systems). 

Solubility product. The processes occur¬ 
ring in a saturated solution of an electrolyte 
in contact with some undissolvcd electrolyte 
may be expressed by the equation 

ABsolid ABousolved ^ A* + B-. 

By the Law of Mass Action, we have at 
equilibrium, 

(A*)(B-] 

[ABJoitsolved = ’ 

The concentration of undissociated electro¬ 
lyte is, however, constant, for it is in equili¬ 
brium with the undissolvcd solid, which 
has a constant active mass, hence 
[A*][B-J = K lt 

another constant, called the solubility 
product of the electrolyte. Hence, if by 
the addition of some A* or B- ions to the 
solution, Kj is momentarily exceeded, 
precipitation of the salt occurs to restore 
the equilibrium. 

Soluble glass. See Sodium silicates. 

Solute. See Solvent. 

Solution. A liquid or solid may be dis¬ 
persed through a liquid either by being in 
suspension, or by being dissolved in it, 
in the form of a solution. The qualitative 
characteristics of a solution are perfect 

31 


homogeneity, and the absence of any 
tendency for the dissolved substance to 
settle out again. Unfortunately from the 
point of view of these criteria, a suspension 
of extremely minute particles (colloidal 
suspension) of a pure chemical compound 
behaves in a similar manner. A solution 
is better defined as a homogeneous mixture 
of substances which is separable into its 
components by altering the state of one 
of them (freezing or boiling out one com¬ 
ponent), and whose properties vary con¬ 
tinuously with the proportions of the com¬ 
ponents between certain limits. Solutions 
are not confined to liquids and solids; 
solutions of gas in liquids, and of gases, 
liquids, and solids in solids arc also formed. 
The amount of a substance dissolved in 
a given amount of another substance is 
described as the concentration of the solu¬ 
tion, and may be expressed in grams per 
litre, or gram equivalents per litre, or as 
a molar fraction ( q.v .). A solution con¬ 
taining only a small proportion of the 
dissolved substance is called dilute; one 
containing a high proportion is said to be 
concentrated. There is a limit to the solu¬ 
bility of most substances, and a solution 
containing the limiting amount of the dis¬ 
solved substance is said to be saturated with 
respect to the substance, and is termed a 
saturated solution. Such solutions are pre¬ 
pared, c.g. by shaking the liquid with excess 
of the powdered solid until no more is 
taken up by the solution. 

The maximum concentration attainable 
under such conditions is termed the solu¬ 
bility of the substance at the specific tem¬ 
perature used in the experiment, since 
solubility generally increases with rising 
temperature. Solubility is usually ex¬ 
pressed in grams per 100 grains of water, 
or grams per 100 grams of solution. Some¬ 
times, but rarely to-day, it may be ex¬ 
pressed in grams per 100 ml. of water or 
solution. 

Solvation. Sec Hydration (of ions). 

Solvay, Ernest (1839-1022). Born at 
Rebecq in Brabant, Solvay devised the 
“ Solvay Process ” for the preparation of 
sodium carbonate through the interaction 
of sodium chloride, ammonia, and carbon 
dioxide. With his brother Alfred he erected 
works at Couillet near Brussels where they 
manufactured their product. Sec “ History 
of British Chemical Industries ” (Miall), 
p. 13. 

Solvay process. A process for the manu¬ 
facture of sodium bicarbonate and sodium 
carbonate, unsuccessfully attempted on an 
industrial scale by many people, and 
successfully developed by Ernest and 
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Alfred Solvay in Belgium, l»ctwecn 1806 
and 1870, and improved by Brunner, 
Mond & Co. in England from 1873 onwards. 
It consists of treating brine containing 
ammonia with carbon dioxide, when am¬ 
monium bicarbonate is formed. This under¬ 
goes a double decomposition with the 
sodium chloride, and as a result sodium 
bicarbonate is precipitated. This, when 
ignited, yields carbon dioxide and sodium 
carbonate, while ammonia is recovered from 
the ammoniacal salt solution left after 
carbonation. The process is operated con¬ 
tinuously. It gives an exceptionally pure 
product, and has largely replaced the 
manufacture of soda by the Leblanc process. 

Solvent. It is usual to speak of the sub¬ 
stance, which, like water in the majority 
of cases, forms the bulk of a solution, as 
the solvent. The substance which is dis¬ 
solved in the solvent is termed the solute. 
The terms arc purely arbitrary, and cannot 
be given a more precise definition except 
in special cases. For example, when a 
chemical reaction occurs between certain 
constituents of a solution, the inert medium 
used to disperse the reactants is almost 
invariably termed the inert solvent. 

Sorbite. The microscopic structure ob¬ 
tained when the rate of cooling of a steel 
is intermediate between that required to 
give troostitc and pcarlitc. Under very 
high magnification sorbite can be seen to 
consist of very small globules of carbide 
embedded in a ferrite matrix. 

Sorbitol, C,H u O„ 

OH H OH OH 

CH t (OH) • C • C • C • C • CH,(OH) 

H OH H H 

is the alcohol corresponding to glucose. 
It is present in mountain ash berries and 
is characteristic of the fruits of the Rosacea. 
It crystallizes in slender needles, M.P. 55°, 
[a] D — 17‘3°. It is manufactured by the 
reduction of glucose and usually sold in 
solution. It is used in the manufacture of 
plastics, os a conditioning and humidifying 
agent, as a sugar substitute, and in the 
preparation of sorbose. 

Sorbose, C,H It O„ is a ketose sugar having 
the formula 

H OH H 

CH,(OH) • CO • C • C • C • CH,(OH) 
OH H OH 

L-Sorbosc, which forms colourless rhombic 
crystals, soluble in w’ater, M.P.154®, [a] D 
— 42°, is obtained by the fermentation of 
sorbitol with certain acetobacter. It is an 
intermediate in the manufacture of ascorbic 
acid. 


Sorensen, Spreh Peter Lauritz (1808-1030). 
Born in the Danish island of Zeeland, 
Sorensen was educated at the University 
of Copenhagen. After holding various 
junior positions he was appointed Director 
of the Chemical Section of the Carlsbcrg 
Laboratory in succession to Kjcldahl. 
Referred to as “ the father of p n ." his main 
investigations have been biochemical, par¬ 
ticularly on amino-acids, proteins, and 
enzymes. 

Sorption. McBain has proposed the term 
sorption to refer to any type of retention of 
a material at a surface, especially when the 
mechanism is not specified, /ldsorption 
is then restricted to the physical process 
which leads to the formation of a uni- 
molecular surface layer, chemisorption to 
the corresponding chemical process, and 
absorption to the solution of the sorbed 
material within the solid. 

Space group. A term applied to the whole 
array of symmetry-elements in a crystal 
framework or lattice. The total number of 
space groups is 230. The atoms in any 
crystal must be arranged so that they lit into 
one of these groups. The framework com¬ 
posing a space group is termed a space 
lattice. 

Space lattice. A term applied to the array 
of points in any crystalline structure at 
which the pattern repeats. By joining 
these points the crystal can be divided into 
a series of parallel unit cells, each of which 
contains a complete unit of pattern. The 
atoms composing the crystal occupy the 
points in the lattice so that a space lattice 
affords a convenient means of representing 
the atomic structure of a crystalline sub¬ 
stance. The position of the points relative 
to each other is found by means of X-ray 
analyses of the crystal. 

Spalling. The general term applied to 
the breaking up of a refractory with ul¬ 
timate mechanical failure. Spalling was 
primarily meant to be the resulting effect 
of sudden temperature changes on the 
refractory since the various crystalline 
forms of some of the constituents have 
different thermal coefficients of expansion; 
and insufficient care in heating them would 
result in cracks on the surface of the brick. 

Spalling is likely to occur: (1) when 
there is a high temperature gradient 
through the brick, especially when the 
brick contains substances of high coefficients 
of expansion such as magnesite; (2) when 
bricks arc laid badly, consequent stresses 
being set up; (3) when there is reaction 
between the furnace gas or material in the 
furnace with the constituents of the 
refractory. 
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Spark spectrum. See Arc spectrum. 
Sparteine, C,,H M N t . Probable structure : 


CH, CH 


CH, CH CH, CH. 

i;H, n <*:h N 

X <5h 3 \5h ^cHj 
<Jh, J:h. 


An alkaloid obtained from broom and 
yellow lupin seeds. It is a colourless liquid, 
volatile in steam. Sparingly soluble in 
water, soluble in alcohol. Dextrorotatory. 
It resinifies in air. It is used medicinally 
in the form of its sulphate, and resembles 
coniine in its action, but is less poisonous. 

Spasmin. A trade name for Benzyl 
succinate. 

Spasmodic A trade name for Benzyl 
benzoate. 

Spear pyrites. Sec Marcasitc. 

Specific conductance. See Conductivity. 

Specific dynamic action. The taking of 
food has a stimulating effect on the general 
oxidative processes in the body. It in¬ 
creases the rate of metabolism more than 
can be accounted for by the calorific value 
of the food. This phenomenon is called 
the specific dynamic action of foods. It 
is more marked with proteins, which in¬ 
crease metabolism by 30 % more than 
would be expected, than with fats and 
carbohydrates (4 % to 6 %), and most 
marked with the amino-acids glycine, 
alanine, and phenylalanine. The reason 
for this is not known. 

Specific refractivity. A quantity (r) 
defined by 

n* - 1 1 

r “ n* + 2 ’ d 


where n is the refractive index of a sub¬ 
stance and d its density. The molecular 
refractivity is equal to the specific refract¬ 
ivity multiplied by the molecular weight. 

Specific rotatory power. Sec Rotatory 
power, specific. 

Specular iron. A variety of hamatite. 

Speculum metal. An alloy of GO % 
copper and 34 % tin. It is of a silver- 
white colour, extremely hard and brittle, 
and capable of taking a high polish. It is 
used in making mirrors, diffraction gratings, 
etc. 

Spence metal. Used for making 
medallions, busts, etc. Made by melting 
iron sulphide with sulphur so as to give a 
product melting at about 320° F. 


Sphene, CaSiTiOj, occurs as dark coloured 
monoclinic crystals having a = 0-55 a., 
b - 8-70 a., c = 7-43 a. and p = 00° 17' and 
four molecules in the unit cell. The in¬ 
dependent SiO* groups arc linked by Ti 
atoms within octahedral groups of six 
O atoms, and Ca atoms between groups 
of seven O atoms. The cleavage is pris¬ 
matic. Sp. gr. = 3-54, hardness = 5-5*5, 
rcfrac. index fi = 1*884, y = 1*900, birefring¬ 
ence 0*121 (biaxial positive). Plcochroism 
moderate. Occurs in very small propor¬ 
tions in many clays and in larger propor¬ 
tions in some syenites. 

Sphingomyelin. A phosphatide with the 
structure 

.O C li II„(OH)NII R 
0=P—OH 

^O • CH, • CH. • N 

Oil 

where R is a fatty acid radical, and may be 
stearic acid, lignoccric acid, or nervonic 
acid. It crystallizes in white tables or 
needles in star-like formation, M.P. 190°- 
108°. It forms an opalescent solution with 
water, is insoluble in cold alcohol, acetone, 
and ether, and soluble in hot alcohol, 
chloroform, and benzene. [a)“ + 8*20° in 
1 : 1 mixture of chloroform and methyl 
alcohol. Sphingomyelin occurs abundantly 
in the brain and to a less extent in other 
animal tissues. It is always found in 
association with the cercbrosides, which it 
resembles in many properties, and con¬ 
sequently is not easily separated from them. 
On hydrolysis it splits up into the bases 
choline and sphingosinc, phosphoric acid, 
and fatty acids. 

Sphingosine, C„H 3T 0,N. 

CH, • [CH,],, • CH : CH • CH • CH • CH,OII. 

I I 

Oil NH, 

A base, forming part of the molecules of 
sphingomyelin and the ccrebrosides, from 
which it splits off on hydrolysis. It crys¬ 
tallizes in needles from ether. 

Spinacene. See Squalcnc. 

Spinel. A term applied to a group of 
double oxides with the general formula R"0, 
R"'.0 3 , the divalent metal being usually 
Mg, Fe", Zn, or Mn", and the trivalcnt 
metal Al, Fe"', Mn'", or Cr'". The crystals 
are cubic, commonly octahedra or do- 
dccahedra. They are double oxides having 
eight molecules in the unit cell with a = 
8*10 a. in MgAljO, and a = 8 40 a. in Fe 3 0 4 . 
The oxygen atoms are in closest packing with 
each O linked to one divalent and three 
trivalent atoms. Each R" ion is tetra- 
hedrally co-ordinated by four, and each 


/CH, 

c-CH, 

VlU 
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R"' ion octahedrally by six oxygen neigh¬ 
bours. The mineral known as spinel is 
MgO, AIjO, with hardness 8. sp. gr. 3-5-3-0, 
M.P. 2135°, refractive index 1-72. 


up the tower and is met by a stream of 
liquid introduced by a series of sprays. 
The space inside the tower is empty, no 
packing being employed. 

Squalene, C M H W (spinaccnc). 

CH, 


cn 3 . 

yc : CII • CII, • (CH, C : CH • CH,), • (CH, • CH : C • CH,), • CII, • C1I: 


CII, 


I 

CH, 


CII, 


Spinthariscope. The spinthariscope is an 
instrument devised by Crookes for detecting 
and counting a-particles. 

Spiral agitator. In this type of plant the 
actual stirring member is a spiral ribbon, 
mounted on a shaft and usually working 
close to the walls of the container and fol¬ 
lowing its contours. The most common 
type of spiral agitator is that in which a 
number of sections of ribbon arc mounted 
on one horizontal shaft, the whole rotating 
slowly in a trough. Such machines arc ex¬ 
tensively used for homogenizing thin pastes. 

Spirit of salt. Sec Hydrochloric acid. 

Spirits of wine. See Alcohol. 

Spitzkastcn. This type of classifier con¬ 
sists of a scries of pyramidal tanks, each 
succeeding one being bigger and deeper 
than the last. The pulp, or suspension of 
solid matter in liquid, which it is desired 
to classify is fed into the smallest tank and 
Hows through the system, passing from the 
top of one tank to the top of the next. 
Owing to the continuous increase in size 
of these containers the velocity of the liquid 
decreases as it passes through the system 
so that the largest solid pnrtielcs settle out 
in the first tank, where the velocity is 
highest, the smallest in the last tank, where 
it is lowest, and the intermediate sizes in 
the intervening tanks. A clear effluent 
overflows from the top of the final container 
and the settled solids arc discharged from 
the bottoms of the tanks. 

Spodumene, I.iAI(SiO,),, a monoclinic 
pyroxene with four molecules in the unit 
cell, having a = 9-50 a., b = 8-30 A., 
c = 5-24 a. and 0 = 09° 40'. The lithium 
and aluminium atoms are both surrounded 
by six oxygen atoms with average dis¬ 
tances of Li-O = 2-20 a. and Al-O = 2 07 a. 
M.P. 1380*. 

Spray ponds. A method of cooling water 
by atmospheric evaporation. The warm 
water is sprayed vertically through fine 
nozzles and is collected in open ponds of 
suitable size to prevent undue loss of water 
in air currents. The temperature drop 
which can be obtained is of necessity limited 
and the method is not very efficient. 

Spray tower. The simplest form of 
scrubber. The gas to be purified passes 


A dihydrogenated, opcn-chuin triter- 
pene, found in the livers of clusmobrunch 
fish. A colourless oil, B.P. 9 mm., 2Gl o -202°, 
25 mm., 284°-285°, d\\ 0 8055, n’° 1-4905. 
Probably consists of a mixture of 3 isomers, 
closely related to one another. On hydro¬ 
genation with a nickel catalyst at 130°. 
160° it yields a saturated hydrocarbon, 
C„H„ of B.P. 3 mm. 224°-220°', n” 1-4534, 
dJS 0-8107. On thermal decomposition 
it yields trimcthylcthylcnc, nnd various tcr- 
penes, sesquiterpenes, and diterpenes. 

Squill is the bulb of Urginea scilla, a 
plant indigenous to the Mediterranean 
countries. It contains a number of glyco¬ 
sides which have an action on the heart 
similar to that of digitalis. It is used 
chiefly for its expectorant properties and 
is an ingredient of mnny cough mixtures. 

Squill glycosides, scillaren, C„H„0„. 
Squill, Urginea scilla, is one of the oldest 
drugs used in medicine. It contains several 
glycosides, particularly scillaren A. This 
cardiac glycoside is made up of glucose, 
rhamnosc, and scillaridin, C l4 II M 0„ which 
has one more carbon atom in its skeleton 
than the other cardiac agluconcs. The 
compound of rhamnosc nnd agluconc is 
termed proscillaridin A. Sec Stoll, “The 
Cardiac Glycosides,” Pharmaceutical Press. 

Squirrel cage disintegrator. A type of 
machine particularly useful for the dis¬ 
integration of fibrous or friable materials. 
It consists of two or more “ discs,” with 
rods mounted round the circumference to 
form a ” cage,” arranged concentrically 
and rotating in opposite directions. The 
feed enters at the centre of the system, is 
thrown outwards by centrifugal force, and 
is disintegrated by impact with the bars of 
the cage. The product passes out of the 
mill through screens in the bottom of the 
casing. 

Stabilizer. A distillation unit in which 
undesirable low-boiling liquids or gases are 
removed from a mixture by fractionating 
under pressure by means of which a sharp 
cut may be obtained. Particularly as 
applied to the working up of petroleum 
products in which connexion a series of 
stabilizers is frequently employed to remove 
several sharp fractions. The individual units 
are then frequently known as debutanizers, 
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depropanizers, etc., according to the over¬ 
head product obtained. 

Stachydrine, N-Methylproline-methyl- 
betaine, C 7 H„O t N. 

Crystallizes with one mole¬ 
cule of water, M.P. (an¬ 
hydrous) 235°, with de¬ 
composition. Decomposes 
in air, soluble in water and 
alcohol. A base obtained 
from the tubers of Stachys 
tuberifera, the leaves of the orange tree and 
other plant sources. It has also been ob¬ 
tained by methylating proline. 

Stachyose, C 14 H„O n , is a tetrasaccharide 
found in ash manna and elsewhere. It has 
the structure of ralfinosc to which an 
extra galactose unit is joined. It tastes 
quite sweet, has M.P. 167°, (a] D + 148'. 

Stahl, George Ernest, was bom at Ansbach 
in 1660, and in 1687 became physician to the 
Duke of Weimar. He wrote on chemistry, 
and employed the hypothetical phlogiston 
to explain combustion and many other 
chemical operations. He died in 1734. See 
Thomson's “ History,” I, p. 250. 

Stainless steel. The name given to a 
group of chromium or chromium-nickel 
steels showing an unusually high resistance 
to corrosion by the atmosphere or mild 
chemical reagents. Stainless steels arc of 
two types, martensite (containing 12-14 % 
of chromium) and austenite (containing 
11-25 % of chromium and 7-30 % of nickel). 
A widely used variety contains 18 % of 
chromium and 8 % of nickel, and is known 
as ”18-8” chromium-nickel steel. The 
corrosion resistance is due to the chromium 
content of the steel. Suitable mechanical 
properties are obtained by introducing 
up to 0-4 % of carbon, but larger quantities 
of carbon arc avoided. Many special 
stainless steels contain other metals, such 


as manganese. 

Stalagmometer is an instrument for com¬ 
paring the surface tensions of liquids by 
comparing the masses of the drops formed 
at a given orifice. 

Stamp mills - This type of mill crushes 
by the impact of a scries of vertical rods, 
fitted with shoes, or stamps, which are 
raised by a suitable system of cams and 
tappets and then fall under their own 
weight on material fed on to the bed of the 
machine. Stamp mills normally operate 
wet, as, for example, in a cyanide extrac¬ 
tion process. 

The total weight of an individual stamp 
is between 1000 and 2000 lb. so that even 
the hardest ores can be successfully dis¬ 
integrated. This type of equipment is 
rapidly being replaced by more modern 


nulls which have a higher mechanical 
efficiency. 

Stannates. See Tin hydroxides. 

Stannic compounds, Stannous compounds. 
Sec Tin compounds. 

Starch (C.H l0 O 6 )*, the carbohydrate 
which is being continuously formed and 
broken down in the living cell and also 
serves as a reserve material is, like cellulose, 
made up of a long chain of glucopyranosc 
units joined together through oxygen by 
a-glucosidic bonds. It yields glucose alone 
on complete hydrolysis, maltose when 
broken down by enzymes, and dextrin under 
other conditions. 



♦- maltose unit -► 

Starch can be divided into two fractions, 
amylose, which is water-soluble and retro¬ 
grades on concentration forming an in¬ 
soluble precipitate, and amylopcctin, a 
mucilaginous substance with the character¬ 
istic paste-forming properties. It is be¬ 
lieved that amylose is composed of long 
unbranched chains containing 200-350 
glucose members linked, as shown, by 
a-1 :4-glycoside links, and that ainylo- 
pectin consists of comparatively short 
chains (about 20 glucose members) cross- 
linked (probably) by a-1 : G-glycosidc links. 
Both amylose and amylopcctin have been 
synthesized from glucosc-l-phosphate by 
the action of the enzyme phosphorylnse. 
See J. Chem. Soc., 1945, 877. 

Starch contains three free hydroxy 
groups and accordingly forms a triacetate 
and similar tri-derivatives. The greatest 
interest attaches to the breakdown of starch 
by diastatic enzymes as this forms part of 
the process of malting and brewing. The 
paste-forming properties of starch arc of 
significance in its use as an adhesive. 

The different starches differ microscopic¬ 
ally and also macroscopically but chemically 
behave very similarly. 

Stas, Jean Servais, was born at Louvain in 
1813 and graduated as a doctor of medicine, 
after which he became a student of Dumas 
in Paris and worked at glucosides and other 
organic compounds. In association with 
Dumas he redetermined the atomic weight 
of carbon with greater accuracy than had 
previously been achieved. He left Paris 
in 1840 to become professor of chemistry in 
the £cole Royale Militairc in Brussels. 
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He became Vice-President of the Council 
of Public Health and took part in much 
other public work ; he • received many 
scientific and other honours, and died in 
December, 1891. His great work was the 
very accurate determination, between 1843 
and 1870, of the atomic weights of oxygen, 
silver, nitrogen, sulphur, chlorine, bromine, 
iodine, potassium, lithium, lead, and carbon. 
See Chen. Soc. Memorial Lectures , 1803-1900. 

Stassfurt deposits. Deposits of various 
salts found at Stassfurt, Saxony. The 
salts are found in beds under alluvial 
deposits, and are mined for the production 
of potassium salts. The chief source of 
the latter is carnallite , KCI, MgCI„ 0H,O. 
Other salts found in the deposits include 
sodium chloride, kainitc (K*S0 4 , MgS0 4 , 
0H,O), kieserite (chiefly MgS0 4 , H t O), and 
gypsum. Bromine is prepared as a by¬ 
product of the extraction of potassium salts 
from carnallite. 

Stationary state. In every reversible 
reaction, that is one in which the products 
of the forward reaction may react with 
one another to reform the original reactants, 
a condition is reached when the rate of 
the forward reaction is exactly equal to 
that of the backward reaction. Thus, in 
the reaction A + I5-* C + D, the forward 
reaction proceeds very rapidly at first, 
because A and B are present in large con¬ 
centrations compared with C and D (see 
Mass Action, Law of). After some time 
the concentration of C and D has had 
time to grow larger, and the backward 
reaction proceeds more quickly: C + D -*■ 
A + B. Eventually, the rates of the for¬ 
ward and backward reactions become equal, 
so that superficially no further reaction is 
occurring, for the concentrations of A. B, C, 
and D remain constant. This equilibrium 
state is often referred to as a stationary state. 
See also Photo-stationary state. 

Stationary states of electrons. In each 
atom there are supposed to be numerous 
orbits in which the electrons rotate without 
gaining or losing energy. These orbits arc 
referred to as stationary states. There is 
no proof that they represent orbits in 
the ordinary sense of the word. Strictly 
speaking a stationary electronic state is 
one in which the electron neither gains nor 
loses energy. 

Staudinger, Hermann (1881- ). Edu¬ 

cated at the Universities of Halle, Munich, 
and Darmstadt, Staudinger was appointed 
professor of chemistry at Karlsruhe Tech¬ 
nical High School (1908) and at Zurich 
(1912). In 1920 he became Professor and 
Director of the Chemical Laboratory of the 
University of Freiburg. His researches 


have been on organic problems, particularly 
the kctcncs and on polymers. 

Steam distillation. Distillation in a cur¬ 
rent of steam with the object of distilling 
away and so removing some particular con¬ 
stituent from a mixture, or of avoiding too 
high a temperature during distillation. 
The operation of steam distillation, as 
normally carried out, consists of distilling 
a mixture of two immiscible liquids (c.g. 
of aniline and water) in a current of steam. 
The ratio of the weights of the two sub¬ 
stances distilling will be where M. 

MjP* 1 

and M t arc the molecular weights of the 
two substances and p, and p t are their 
respective vapour pressures at the distilla¬ 
tion temperature. In the steam distillation 
of organic substances from their mixtures 
with water, the relatively high molecular 
weight of the organic substance often 
results in its presence in considerable 
amount in the distillate, in spite of the 
fact that its vapour pressure at the distilla¬ 
tion temperature may be relatively small. 

Steam-refined asphaltic bitumens. As- 
phaltic bitumens produced by straight 
distillation with steam and vacuum and con¬ 
taining the high-boiling components of the 
asphaltic residue in an unchanged state. 

Steapsin. An old name for the fat¬ 
splitting enzyme of the pancreatic juice. 
Sec Lipase. 

Stearic acid, n-Octadecylic acid, C„H J4 0,; 
CH, • [CH,] i4 • COOH. Crystallizes in leaf¬ 
lets, M.P. 71-5°-72°, B.P. 300°, with de¬ 
composition. Soluble in ether and hot 
alcohol, insoluble in water. Stearic acid 
is one of the most common fatty acids, and 
occurs as glycerides in most animal and 
vegetable fats, particularly in the harder 
fats with high melting-points. It is most 
conveniently obtained from Shea butter. 
A solid mixture of stearic and palmitic 
acids, “ stearine,” is used for making 
candles. The soaps arc the sodium and 
potassium salts of stearic and palmitic acids. 

Steatite is a magnesium silicate corre¬ 
sponding to a formula varying between 
3MgO, 4SiO„ H x O and 4MgO, 5SiO s , H,0. 
It is also known as talc, soapstone, and by 
other names. Sp. gr. 2-0-2-7, hardness 
1 -2. Specific heat at 100°, 0 2-0-3. Ther¬ 
mal conductivity 0-23-0-28 kg.-cal./hr./sq. 
dm./°C./dm. thickness. Used formerly for 
the tips of gas-burners, now for electrical 
insulators, steatitic porcelain, steatite ware, 
sparking plugs. 

Steel. Chemically, steel is an alloy of 
iron with a small proportion of carbon 
varying from 0-1 %-l-25 %; other sub- 
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stances present to a greater or less extent 
arc generally impurities. This material is 
termed “ plain carbon ” steel. Mild or 
low carbon steels contain up to 0*2 % C, 
medium steels up to 0-5 %, and high carbon 
steels up to 1*25 %. When alloyed with 
other metals such as Ni, Cr, etc., the aUoy 
steels arc obtained. These various alloying 
elements enhance certain properties of the 
plain carbon steels. See Invar, Ni-resist. 
Steel is distinguished from cast or wrought 
iron in that it can be both cast and forged. 
The melting-point of steel varies from 2500° 
F. for hard steel to 2900° F. for mild steel. 

Steel is manufactured by five main 
processes: (1) Cementation process, (21 
Bessemer process, (3) the Siemens process, 
(4) Basic or Thomas-Gilchrist process, (5) 
the Electro-thermic process. Sec under 
these headings. 

Stellite is an alloy of approximate com¬ 
position 45 %-50 % Co, 25 %-30 % Cr. 
15 %-20 % W, 2-5 % C. It is used as a 

cutting tool tipping material, but differs 
from many other non-ferrous cutting alloys 
which arc sintered and cemented as it can 
be cast. It is capable of being welded, 
and may be applied as a coating to a softer 
material to resist abrasion. 

Stelliting. The treating of metallic sur¬ 
faces, such as iron, steel, etc., with an alloy 
of chromium, tungsten, and cobalt applied 
by using an oxy-acetylcnc blowpipe. 

Stercobilin. The brown pigment of the 
faeces. It is a reduction product of bilirubin 
with the probable formula C„H 44 0 4 N 4 . 

Stereoisomerism. The occurrence of two 
or more physically and chemically distinct 
forms of a given compound, arising from 
various possible arrangements of the con¬ 
stituent atoms in space. Stereoisomerism 
is most commonly encountered in the 
chemistry of carbon, the valency bonds of 
which arc directed towards the corners of 
a regular tetrahedron. The nature of 
stereoisomerism is illustrated by the occur¬ 
rence of two forms of dichloroethylenc, viz.. 



(a) («>) 


These have different physical and chemical 
properties. It may also be proved that 
the chlorine atoms are closer together in (a) 
than in (6). 

Steric hindrance. A term intended to 
denote the influence exerted on a reacting 
group by the spatial arrangement of neigh¬ 
bouring atoms. It was originally used to 
explain the difficulty experienced in forming 
the esters of certain benzoic acids having 


groups substituted in both ortho positions, 
the substituting groups being pictured ns 
blocking the approach to the carboxyl 
group by reason of their size. Many 
similar cases of the non-reactive nature of 
other di-ortho substituted benzene de¬ 
rivatives were explained in this way. It 
is now realized that the size of the sub¬ 
stituting groups in these cases is much 
less important than the polar effects they 
produce in the molecule, which affect the 
reactivity of neighbouring groups. On the 
other hand, the optical activity of the 
di-ortlio substituted derivatives of diphenyl 
is probably due entirely to the size of the 
substituting groups, which obstruct the 
free rotation of the benzene rings about 
the single bond joining them and so produce 
an asymmetric molecule. This is a case of 
true steric hindrance. 

Steroids. A generic term for substances 
having the same ring structure as the sterols, 
or a very similar structure. It includes 
the sterols, bile acids, sex hormones, heart 
poisons, and saponins. 

Sterols. The sterols are unsaturated 
alcohols, possessing the following ring 
structure, which is numbered as shown : 



They contain one or more double bonds, 
one of them normally being between carbon 
atoms 5 and 0, and have an alkyl side chain 
attached in position 17. They arc found 
in every animal and plant cell, with the 
exception of bacterial cells, partly in the 
free condition and partly estcrilicd with 
the higher fatty acids. They can be isolated 
by hydrolysing the fat fraction with 
alcoholic alkali and extracting the un- 
saponifiablc portion with ether or petroleum 
ether. Many compounds related to the 
sterols—the bile acids, sex hormones, car¬ 
diac aglucones, and toad venoms—arc also 
of importance physiologically. Other re¬ 
lated compounds have a cancer-producing 
action. See “ The Chemistry* of Natural 
Products Related to Phenanthrene,” by 
Fieser, and “ Sterols and Related Com¬ 
pounds,” by Friedmann. 
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Stibine. Antimony trihydride, SbH,. 
See Antimony hydrides. 

Stibnite, Sb,S„ is the only important 
antimony ore. It is found in China, Japan, 
Hungary, and elsewhere, and very fine 
crystals have been obtained from Japan. 
The crystals arc orthorhombic, a-.b-.e = 

0 003: 1 : 1018, and are usually long 
prisms, sometimes more than a foot long, 
often bent or twisted. Hardness 2, sp. gr. 

4 0. The crystals arc transparent to the 
infra-red heat rays and doubly refracting 
to them ; their colour is a steel-grey with a 
metallic lustre. 

Stieglitz, Julius Oscar (1867-1037). Bom 
at Hoboken, New Jersey, Stieglitz was 
educated at Karlsruhe and Berlin. Joining 
the staff of Chicago University in 1802 as 
an unsalaried docent, he was appointed 
professor of organic chemistry in 1005, 
Director of the Chemical Laboratories in 
1012, and Chairman of the Department of 
Chemistry in 1015, becoming professor- 
emeritus in 1033. Author of a standard 
work on qualitative analysis, he wrote 
many papers on molecular rearrangements, 
catalysis, indicators, and the theory of 
colour production, stereoisomerism, and 
the application of the electronic theory to 
organic chemistry. He was also keenly 
interested in the relation of chemistry to 
medicine. 

Stigmasterol, C„H„0. 

r 

CH CH :CH CH C 
CHj CH* CH !h, 

CH } CHj CH Jh -Jh, 

H \l J L 
Ho/ V \/ 

Crystallizes with one molecule of water 
from alcohol, M.P. 170’. Soluble in or¬ 
ganic solvents, insoluble in water. [a]” 
— 51 0° in chloroform. It is a typical plant 
sterol and is obtained fairly readily from 
the soya bean. 

Stilbene, trans - sym - Diphenylethylene, 

Crystallizes in _ 

monoclinic tables, M.P. / \CH 

124°, B.P. 306°-307°. \_/j_ 

Soluble in ether, ben- HC<^ \ 

zene, hot alcohol. In- '-' 

soluble in water, volatile in steam. It can 
be prepared by the action of benzyl mag¬ 
nesium bromide on bcnzaldehydc, acidifying 


the product with sulphuric acid, and distill¬ 
ing, and by many other methods. Deriva¬ 
tives of stilbene are important in the dye 
industry and some have cestrogenic activity 
(See slilbaslrol). Ultra-violet light con¬ 
verts stilbene into its cis isomer, isostil- 
bcnc, a yellow oil. 

Stilbite, one of the zeolites with a com¬ 
position which is variable because the soda 
is readily replaced by lime nnd vice versa. 
The composition usually lies between 
Ca*Al 4 Si„0„, 1211,0 and Ca,Na Al t Si„0„. 
Some authorities regard the correct formula 
as Ca,AI,Si,0, t . 0H,O, the specimens con¬ 
taining sodium having undergone the partial 
base exchange which is characteristic of 
zeolites. It is used for softening hard water. 

Stilbcestrol, 4 : 4 -dihydroxy-a/J- diethyl - 
stilbene, C u H. 0 O„ 


< 1 .". i,n. 


White crystals, M.P. 108*-I71°, very 
slightly soluble in water, readily soluble 
in alcohol nnd organic solvents. Prepared 
from deoxyanisoin by ethylation, con¬ 
version to the alcohol, dehydration, and 
mcthylation. It is an cestrogenic sub¬ 
stance which is highly active when ad¬ 
ministered orally. It is stated to reproduce 
exactly all the physiological and therapeutic 

_ effects of the natural follicular 

hormone. The results obtained by 

< H» its administration indicate that it 
is as effective as the naturally 
H, occurring ccstrogcns in the treat¬ 
ment of ainenorrhcca, dysmenor* 
rluca, and menopausal disturb¬ 
ances. 

Stokes’s law. The rate of fall of 
particles through a liquid depends 
on the difference in density of the 
two phases, the viscosity of the 
liquid, the size of the particle 
and the gravity constant. These 
_ factors are related by Stokes’s Law, 

9t, 

where v is the velocity of sedimentation of 
the particle of radius r and density s; 
s' is the density of the liquid, and rj its 
viscosity ; g is the gravity constant. When 
this is applied to particles of colloidal 
dimensions the velocity v is found to be so 
small as to be more than counteracted by 
convection, etc., so that a colloidal sol can 
never separate out without aggregation of the 
particles. See also Colloid, Sedimentation. 

Stop-end retorts. This type of retort for 
gas manufacture is D shaped (with the 
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diameter as base). The dimensions are 
about 10 feet long with an end section of 
21 * X 15'or 22* X 16*. The capacity is about 
j cwt. a charge with a through-put of about 
15 tons /day. 

They arc set in arches containing 2-8 
retorts, and arc suitable for small works 
only. 

Stop point. A term used in laboratory 
distillation tests. The percentage distillate 
obtained at a stop point is that amount 
obtained when the source of heat has been 
removed from the llask at the specified tem¬ 
perature and the apparatus allowed to drain 
for two minutes. 

Storax is a semi-solid balsam obtained 
from the trunk of Liquidambrr orienlalis, 
a tree growing in Asia Minor. It contains 
upwards of 30 % of balsamic acids, chiefly 
present as esters of cinnamic acid. Its 
principal use is as an ingredient of friar’s 
balsam or compound tincture of benzoin. 

Stovaine. A trade name for Amylocaine 
hydrochloride. 

Stramonium. The dried leaves and 
flowering tops and the seeds of Datura 
Stramonium contain the alkaloid hyos- 
cyamine to which this drug owes its 
medicinal properties. It is used chiefly 
for the relief of asthma, and for this purpose, 
in addition to being administered internally, 
the leaf is smoked in cigarettes or burnt 
in combination with powdered lobelia, 
tea leaves, and potassium nitrate, and the 
vapour arising is inhaled. 

Strass, a dense glass used for making 
imitation gems and also for jewels to be 
cemented to vases and other ornamental 
ware. It is chiefly characterized by its 
high but variable refractive index. 

Stream double refraction. Some colloidal 
sols such as aged vanadium pentoxide, 
whose dispersed particles are rod-shaped, 
arc non-polarizing, as can be shown by 
placing the sol between crossed nicols, 
there being total extinction. When the 
liquid is stirred, however, or made to flow, 
polarization takes place, the stream lines 
being shown in a brightly illuminated 
image. This is due to the orientation of 
the rod-shaped molecules on stirring. See 
Anisotropic, Tactosols. 

Streaming potential. A potential dif¬ 
ference is set up if a liquid is forced through 
a diaphragm by pressure; this is the 
streaming potential. The streaming poten¬ 
tial is most easily measured by forcing 
water through a capillary tube of the sub¬ 
stance under examination and determining 
the potential difference between electrodes 
placed at each end of the tube. The 
streaming potential is the converse of the 


electro-osmotic potential. See Colloid, 
Cataphorcsis, Electro-osmosis. 

Strengths of acids and bases. The 
strength of an acid is not measured by the 
violence of its corrosive or charring pro¬ 
perties, nor yet by the vigour of its reaction 
with metals. These properties are sub¬ 
sidiary to the fundamental characteristic 
of the acid, which is its capacity to yield 
protons, which, in the case of water as a 
solvent, appear as hydroxonium ions (H a O*). 
In a similar manner the strength of a base 
is characterized by its ability to accept 
protons. This, in the case of aqueous solu¬ 
tions, is equivalent to yielding hydroxyl ion9. 
Since the degree of dissociation varies with 
the dilution, it is necessary to compare 
the relative strengths of acids or bases in 
solutions of equivalent concentrations. In 
solutions of equivalent concentration the 
reactive strengths of acids or bases may be 
compared by measuring the concentrations 
of hydroxonium ion or of hydroxyl ion. 
Those acids like hydrochloric and nitric 
which arc largely dissociated into their ions 
are strong acids; those like acetic and 
tartaric which arc only slightly dissociated 
arc weak acids. Potassium, sodium, and 
barium hydroxides which arc largely dis¬ 
sociated arc strong bases, whilst the slightly 
dissociated ammonium hydroxide is a weak 
base. 

Streptomycin, C tl H 3 ,0, t N 7 . Probable 
structure. (Sec formula on page 490.) 

Streptomycin is prepared by growing the 
mould Actinomyces griscus on certain media, 
extracting the fermented liquor with carbon, 
and eluting with solvents. It is a very 
powerful anti-bacteriul agent, and is used 
ns its hydrochloride or sulphate, or as its 
crystalline double salt with calcium chloride. 
These are dissolved in water and injected 
in the treatment of tularemia, meningitis, 
tul>erculosis, and other bacterial diseases. 
In large doses it has toxic side-effects. It is 
relatively thermostable, but is decomposed 
by acids and alkalis. Its activity is defined 
as 1000 units per milligram of free base. 

Stripping. The removal of a gas absorbed 
in a liquid by bringing it into contact with 
an inert or insoluble gas. 

Stripping column. Apparatus in which 
the light components arc removed from a 
mixture of liquids by fractionation. 

Strong acid. Sec Strengths of acids and 
bases. 

Strong base. See Strengths of acids and 
bases. 

Strontium, Sr. At. no. 38, At. wt. 87-G3. 
M.P. 810°, B.P. 1940°, D = 2-50. Occurs 
in nature as the carbonate, strontianite, and 
as the sulphate, celestine. The metal is 
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obtained by the reduction of the oxide with 
aluminium in an evacuated steel tube at 
1000 °. Strontium amalgam, on heating to 
1000° in an atmosphere of hydrogen, gives 

NH NH. 
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{See Streptomycin. 


strontium hydride, SrH,. By heating the 
hydride strongly in an evacuated tube free 
strontium is obtained. The metal may also 
be obtained by the electrolysis of fused 
strontium chloride, or, better, a mixture of 
strontium and potassium chlorides. 

Strontium is a silvery-white metal, 
yellowish if impure. It crystallizes in the 
cubic system with the cubic close-packed 
structure, 6 07 a. The metal reacts vigor¬ 
ously with water, and on warming with 
hydrogen, oxygen, nitrogen, or the halogens, 
with the formation of the corresponding hy¬ 
dride, oxide, etc. It dissolves readily in di¬ 
lute acids with the evolution of hydrogen. 

Strontium carbonate, SrCO a , occurs na¬ 
turally as strontianitc. Prepared by the 
action of carbon dioxide on the oxide or 
hydroxide, or by passing the gas into a 
solution of a strontium salt, when the car¬ 
bonate is precipitated. Strontium carbon¬ 
ate crystallizes in the rhombic system, 
changing over at 820° into a trigonal form. 
On strongly heating strontium carbonate is 
decomposed, with the formation of SrO. 
Provided the carbon dioxide evolved is not 
continuously removed, a heterogeneous 
equilibrium is established, 

SrCO, ^ SrO + CO,. 

Strontium chloride, SrCl,. The anhydrous 
chloride is obtained directly from the 
elements, or by passing chlorine over the 
heated oxide, or hydrochloric acid gas over 
the heated oxide or carbonate. From 
aqueous solutions both the hexa- and the 
di-hydrate arc obtained. 


Strontium hydroxide, Sr(OH),. Obtained 
as the octahydratc by crystallization of 
aqueous solutions of the oxide. This salt 
c-niorcsccs with the formation of 
the inonohydratc, Sr(OII)„ H, 0 , 
and at 100° gives the anhydrous 
hydroxide. 

Strontium hydroxide is fairly 
readily soluble in water, and the 
aqueous solutions arc strongly 
basic. 

Strontium oxide, SrO. Formed 
by the ignition of the carbonate 
£11 at high temperatures, or more 

i readily by the ignition of the hy- 

II droxidc or nitrate. The product 

from the hydroxide or carbonate 
HCOH is a white, porous, and probably 
lin l u amorphous, powder; that from 

1 , 1 , 1 1 11 the nitrate is crystalline. 

( ' lj The oxide is soluble in water, 

I with the formation of the hy- 
11,011 droxide. 

mycin. Strontium peroxide, SrO,. Pre¬ 

pared from the monoxide and 
oxygen at a dull red heat under 
a pressure of 125 kg./cm*. It is very 
similar in properties to barium peroxide. 
The hydrated peroxide is obtained by 
adding hydrogen peroxide to a cold satur¬ 
ated solution of strontium hydroxide. The 
crystalline precipitate has the formula SrO„ 
8 H, 0 . On gentle heating it loses water to 
give the anhydrous peroxide. 

Strontium sulphate, SrSO,. Occurs natur¬ 
ally as the mineral cclcstinc. May be pre¬ 
pared by dissolving the oxide, hydroxide, 
or carbonate in sulphuric acid, or by the 
addition of a sulphate solution to a stron¬ 
tium salt solution, when the sulphate is 
precipitated. It is not so insoluble as 
barium sulphate; the solubility is about 
1 gm. per litre. 

Strophanthidin, C„IIj, 0 4 . ch^-c-o 


CH, CH, CH 

o 

CH, CH CH C-CH, 
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A cardiac aglucone , forming the non¬ 
carbohydrate portion of strophanthin and 
other strophanthus glucosides. 
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Strophanthus consists of the dried ripe 
seeds of Strophanthus kombi from which 
the natives of East Africa formerly prepared 
arrow poison. Its active principle is the 
glycoside, strophanthin, which is a powerful 
heart poison. Strophanthus is used as a 
heart tonic; it has an action similar to 
that of digitalis, but acts much more rapidly. 
It strengthens the heart’s action and 
renders the pulse much more regular; it 
also increases the appetite. The official 
tincture is standardized biologically by 
comparison with the international standard 
ouabain. 

Strutt, John William. See Rayleigh. 

Strychnine, C M H M O t N t . 



The formula is that proposed by Openshaw 
and Robinson ( Nature , 1940, 157, 438). 
Strychnine is the principal alkaloid of 
nux-vomica and other plants. It crys¬ 
tallizes in prisms, M.P. 270°-271°. Very 
slightly soluble in water, the solution 
having an intensely bitter taste. Soluble 
in chloroform ; Ixvorotatory. It acts as 
a mono-acidic base, forming crystalline 
salts, soluble in water. It is used com¬ 
mercially for killing vermin. Physio¬ 
logically it has a tonic action and increases 
the appetite and flow of gastric secretion. 
It is rapidly absorbed and stimulates the 
central nervous system, raises the blood 
pressure, and is useful in cardiac failure 
especially when injected hypodermically. 
Large doses cause increased reflexes and 
twitching of the muscles and poisonous 
doses produce tetany and convulsions. 

Sturine. A protein, belonging to the 
protamine class, found in the testicles of the 
sturgeon. 

Styphnic acid, 2:4: G-trinitrorcsoreinol, 

c,h 3 o 8 n 3 . 

Yellow crystals, M.P. 178% 
sparingly soluble in water, 
soluble in alcohol and ether. 

It is obtained by nitrating 
resorcinol and has properties 
similar to those of picric acid. 

It explodes on rapid heating 
and forms crystalline styphnates with many 
organic bases. Lead styphnate is used in 
detonators. 



Styracitol, C,H n O„ isolated from the 
peel of Slyrax obassia is 1 :5-anhydro- 
sorbitol. It has M.P. 157°, [a] D - 49-4°. 

Styrene, C 4 H 4 . Colourless aromatic liquid, 
B.P. 146°, sp. gr. 0 925 
at 0°. Insoluble in water, / N—CII: CH, 
miscible in all proportions 
with alcohol and ether. 

Polymerizes on heating to 
a glassy resinous substance, metastyrene, 
which regenerates styrene on heating. 
Occurs in liquid storax. Most conveniently 
prepared by treating cinnamic acid with 
hydriodic acid and then heating the pro¬ 
duct with aqueous potash. 

Suberic acid, C,H, 4 0 4 , 

HOOC • [CH.l, • COOH. 


Colourless needles, M.P. 140°. Sparingly 
soluble (010 %) in water. It is obtained 
by the action of nitric acid on cork or 
castor oil, and by the electrolysis of the 
potassium salt of glutaric ester. 

Suberin. The cork-like material occur¬ 
ring in the cell walls of higher plants. Com¬ 
mercial cork comes from the periderm of 
the cork oak. Suberin resembles cutin in 
being composed of a mixture of fatty acids 
and their soaps and esters. 

Sublimation point. The temperature at 
which the vapour pressure above a solid is 
equal to the external pressure, c.g. the 
atmospheric pressure, is called the sublima¬ 
tion point, or sublimation temperature. 

Submicron. A term proposed by 
Zsigmondy to describe particles invisible 
in the ordinary microscope but sufficiently 
large to appear in the field of the ultra- 
microscope. The size of a submicron thus 
lies between 10 ra/z and 1/z. Sec Colloid, 
Micron, Ultramicroscopc. 

Substitute. Compounding ingredient for 
rubber made by “ vulcanizing ” rape, 
castor, colza, and linseed oils. Brown 
substitute is made by heating oils with 
sulphur at lG0°-200°, and white substitute 
by slowly adding sulphur chloride to rape 
or colza oil. Rubber substitute is also 
known as factice. 

Substitution. Derivatives of an organic 
compound containing one or more double 
bonds may be obtained either by substitution 
or by addition. In the former case some 
part of the original compound, usually a 
hydrogen atom or a monovalent group, is 
replaced by another atom or group. In 
the latter case two atoms or groups are 
added, one to each of the atoms connected 
by a double bond, and a saturated com¬ 
pound is formed. 
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Successive reactions. Law of. This law, 
discovered by Ostwald, states that a system 
never passes from a less stable condition 
into the most stable condition directly, 
but through conditions of intermediate 
stability. 

Succinic acid crystallizes in colourless 
prisms, M.P. 185°, B.P. 235°. 

Soluble in hot water; moder- CII a COOH 
atcly soluble in cold water COOII 

and alcohol; sparingly soluble 2 
in ether. It occurs in amber, alga?, lichens, 
sugar cane, beets, and other plants and is 
formed during the fermentation of sugar, 
tartrates, malates, and other substances by 
a variety of yeasts, moulds, and bacteria. 
Manufactured by the catalytic reduction of 
maleic acid or by heating ethylene dicyanidc 
with acids or alkalis. Forms an anhydride 
when heated at 235°. Forms both acid and 
neutral salts and esters. Its salts are all 
soluble in water except the barium, calcium, 
silver, and basic ferric salts, which are 
sparingly soluble. The metals of the 
yttrium group of rare earths arc separated 
by crystallization of their succinates. 
Used in the manufacture of succinic an¬ 
hydride. Detected by the intense green 
fluorescence produced when succinic acid 
is heated with resorcinol and a little sul¬ 
phuric acid, and the deep red solution is 
poured into water. 

Succinic anhydride is a white crystalline 
solid, M.P. 119-5°, B.P. 201°. 
Decomposed by water; soluble 
in chloroform ; sparingly soluble 
in ether. Manufactured by 
heating succinic acid at 235°. 
Conveniently prepared by heating succinic 
acid with acetyl chloride; the anhydride 
crystallizes on cooling the liquor. Reacts 
with water to give succinic acid. Alcohols 
combine to give mono-alkyl succinates. 
Forms a mono-amide with ammonia in 
solution and this on heating changes to 
succinimide. Combines with primary amines 
in a similar manner. Reduced to butvro- 
lactone by sodium amalgam. Used in the 
manufacture of certain dyestuffs. 

Succinimide, C 4 H s O,N, crystallizes in 
colourless plates, M.P. 12G°- 
127°, B.P. 287°-288° (decom¬ 
poses). Soluble in acetone; 
sparingly soluble in water. 

Prepared by heating am¬ 
monium succinate. Decomposed by hot 
water to give ammonium succinate. Re¬ 
acts as an acid and forms salts with 
metals; these replace the hydrogen atom 
of the )NH group. Distillation with 
zinc dust gives pyrrole. Forms a chloro- 
imide used for disinfecting water supplies. 


CII.CO 

I > 

CH.CO 


CH t CO 

Or 


Succinyl sulphathiazole, sulphasuxidine, 

COOII 

i„. 

CII, S-. 

I’O-Nn/ ^>SO, • Nil— J 

N 


M.P. 102M05°. Slightly soluble in water, 
soluble in alkalis. It is one of the poorly 
absorbed sulphonumidcs and is used for 
the treatment of dysentery and other 
infections of the lower bowel. Its action 
is due to its being broken down and liberat¬ 
ing sulphathiazole. 

Sucrase. Sec Invcrtase. 

Sucrol. Sec Dulcin. 

Sucrose. C, t H„0,,. 


CII,OH 



Commercially known as cane or beet sugar, 
it is a disaccharidc composed of glucose and 
fructose joined together in such manner 
that it has no reducing properties. It is 
given the structure of l-a-glucosido-2-0- 
fnictofuronosc. It is readily hydrolysed 
by dilute acids and even more rapidly by 
invcrtase; the hydrolysed product which 
has a negative rotatory power is termed 
invert sugar. Sucrose has not been syn¬ 
thesized by purely chemical means, but has 
been prepared by the condensation of the 
potassium salt of D-glucoscl-phosphate by 
means of a bacterial phosphorylosc. It 
crystallizes very readily in large monoclinic 
crystals, M.P. 170-180°, [a]„ + 00-5°, is 
very soluble in water, stable towards alkali, 
and forms sucratcs with the alkali and 
alkaline-earth metals. It contains 8 hy¬ 
droxyl groups but gives rise to one series 
of derivatives only. It is the cheapest 
energy-producing foodstuff. 

Sugars. The sugars arc carbohydrates, 
the majority of the natural sugars con¬ 
taining six or twelve carbon atoms in the 
molecule. They are crystalline, very soluble 
in water, and generally have a sweet taste. 
The sugar of commerce called cane-sugar or 
beet-sugar, according to its origin, is the 
disaccharide sucrose (q.v.). 

Sugden, Samuel (1892- ). Bom at 

Leeds, Sugden was educated at Batley 
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Grammar School and the College of Science, 
London. In 1928 he was appointed reader 
in physical chemistry, Birkbcck College 
(London) and in 1932 became professor. 
His studies on molecular volumes and 
surface tension led to the introduction of 
the “ parachor ’’ which has proved of great 
value in problems related to structure. 
He was elected F.R.S. in 1934. 

Sullivan, Eugene Cornelius (1872- ). 

Bom at Elgin, Illinois, Sullivan was 
educated at the Universities of Michigan, 
Gottingen, and Leipzig. After four years 
(1899-1903) as an instructor at the Uni¬ 
versity of Michigan, and five years (1903- 
1908) as a chemist with the U.S. Geological 
Survey, he joined the Corning Glass Works 
as chief chemist, and rose to be president of 
the company in 1928. His work on special 
glasses gained him the Perkin Medal in 1929. 

Snlphacetamide, p-aminobenzenesulphon- 
acetamide, C,H 10 O,N,S. White crystals, 
M.P. 181°-183°, soluble in 
150 parts of water and 15 
parts of alcohol. Soluble 
sulphacctamide is the 
sodium salt and is soluble 
in 1-5 parts of water. It £o,NIICOCH, 
is prepared by acctylating 
sulphanilamidc and hydrolysing one acetyl 
group. Being more soluble than most of 
the sulphonamides it is used in treating 
urinary infections. 

Sulphadiazine, 2(p-aminobenzenesulphon- 
amido)-pyrimidine, C„H, 0 O,N 4 S. 


NH, 


Nil 


X CH 

L 






NH, 


A white powder, which darkens on ex¬ 
posure to light, M.P. 255°-250°. Almost 
insoluble in water, sparingly soluble in 
alcohol. Prepared by condensing p- acct- 
amidobenzenesulphonyl chloride with 2- 
aminopyrimidine and subsequent hydrolysis. 
Soluble sulphadiazine (soluble in 2 parts of 
water) is the sodium salt. Sulphadiazine 
is the least toxic of the more potent sul¬ 
phonamides and in the U.S.A., where it 
was first introduced, is reckoned to be the 
most useful drug in the group. It is 


NH, 


effective against strep¬ 
tococci, pneumococci, 
staphylococci, and other 
bacteria. 

Sulphaguanidine, 
p - aminobenzesulphonyl- 
guanidine, C T H l0 O a N 4 S. 

A white needle-like powder which darkens 


>O t NHC 


/ 


NH 


''NH. 


Sulphamerazine 

in air. Crystallizes as the monohydrate, 
M.P. 142-5°-143-5°. Anhydrous M.P. 189 - 
190°. Soluble in about 1,000 parts of cold 
water and 10 parts of boiling water. It is 
prepared by fusing dicyandiamide with 
sulphanilamide. It is used for treating 
intestinal bacterial infections. 

Sulphamide. and Sulphimide, SO,(NH 2 ), 
and (SOjNH)., arc colourless crystalline 
solids formed by the action of ammonia on 
a solution of sulphuryl chloride in benzene ; 
free sulphimide exists only in the poly¬ 
merized form. Both compounds are soluble 
in water, and are readily hydrolysed to 
amidosulphonic acid, NH, • SO, • OH, and 
ammonia; the hydrogen atoms are in 
each case replaceable by metals to form 
salts. 

Sulph anilami de, p-aminobenzenesulphon- 
amide, C 4 H b O,N,S. /■ —» 

Colourless crystals, II.N\ ^SOjN'H, 

M.P. 164-5°-160-5°, - 

soluble in 250 parts of water, sparingly 
soluble in alcohol. It is usually prepared 
by treating N-acctylsulphanilyl chloride 
with ammonia, and hydrolysing the acetyl 
derivative to the base. Sulphanilamide 
was shown to be the portion of the protonsil 
molecule responsible for its bactericidal 
activity and has been widely used in 
medicine, particularly for the treatment of 
streptococcal infections, gonorrhoea, menin¬ 
gococcal meningitis, and urinary infections. 
Its chief disadvantage is that it is liable to 
cause unpleasant reactions, such as nausea, 
cyanosis, and skin rashes. 

Sulphanilic acid, C 4 H 7 0,NS. Colourless 
crystals obtainable in two forms— 
leaflets with 2H t O, needles with 
111,0, depending upon temperature 
of crystallization. Slightly soluble 
in water, readily in alkali solutions. 

It is prepared by heating aniline 
sulphate for 8 hours at 190°. It 
readily diazotizes and is used as first com¬ 
ponent in a large variety of azo dyes. 

Sulphamerazine. A trade name for 
2-(p-aminobenzenesulphonamido)-4-mcthyl- 

pyrimidine, C n II, 2 0,N 4 S. 


Nil, 


> 0,11 


/ N \ 

SO.—NH—C CH 

i Jh 

\ c / 


n 

Nil, 


ln 3 


M.P. 235*-236°. It is slightly soluble in 
water, and is therefore less likely to cause 
urinary obstruction than sulphadiazine, 
which it otherwise resembles in therapeutic 
properties. 
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Sulphamezathine and Sulphamethazine. 

Trade names for 2-(p-aminobenzencsuI- 
phonamido)-4 : 6-dimethylpyrimidinc, 
C„H I4 O a N 4 S. 


/ N \ 

SO,—NH—C t. CH, 

^ Ih 


N 


Yh, 


\ c / 

k 


M.P. 198°. Solubility in water about 1 in 
3,000, sparingly soluble in alcohol. The 
sodium salt is very soluble in water. 
Sulphamezathine is rapidly absorbed but 
less rapidly excreted. Thus high blood 
concentrations can be obtained with moder¬ 
ate doses. It is effective against the same 
bacteria as sulphadiazinc. 

Sulphapyridine, M. and B. 093, 2-(p- 
aminobenzenesulphonamidopyridine. 


ChHjjOjNjS. 



-Nil, 



White crystals, which darken on exposure, 
M.P. 191°-193°. Spar¬ 
ingly soluble in water and 
alcohol. Prepared by 
condensing p-acctamido- 
bcnzcnesulphonyl chlor¬ 
ide with 2-ami nopyridine 
and subsequent hydro¬ 
lysis. Soluble sulpha- 
pyridine is the monohydrated sodium salt, 
soluble in 3 parts of water. Sulphapyridine 
has been outstandingly successful in the 
treatment of pneumonia since, unlike sul- 
phauilamide, it is effective against pneumo¬ 
cocci. It may give rise to unpleasant side 
effects. 

Sulpharsphenamine, sulpharsenobenzene, 

is the sodium formaldehyde-bisulphite com- 
NH • CH, • O • SO,Na 
As ^>Q • CH, • O • SO,Na 


As 




— 

IN It, 


• CH, • O • SO,Na 


I>oiin<l of arsphenamine. It is a yellow 
solid, soluble in water, insoluble in alcohol. 
It is less toxic than arsphenamine, and is 
injected intramuscularly for the treatment 
of syphilis, gonorrhoea, arthritis, and 
rheumatism. 

Sulphasuxidine. See Succinyl sulpha- 
thiazolc. 

Sulphatase is an enzyme which splits the 
sulphuric esters of phenols; it is of wide 
distribution in animal tissues and plants. 
The ethereal sulphates of aliphatic com¬ 
pounds arc split by another distinct enzyme 


found in bacteria. Neither of these enzymes 
attacks any of the mustard-oil glycosides. 

Sulphathiazole, 2 - (p-aminobenzenesul - 

phonamido)-thiazole, C,II,0,N,S,. 

A white powder, M.P. 

200 o -203°, sparingly sol¬ 
uble in water and alcohol. 

Prepared by condensing 
p - acctamidobcnzencsul - 
phonyl chloride with 2- 
aminothiazole and sub¬ 
sequent hydrolysis. Soluble sulphathiazole 
is the pentahydrated sodium salt, soluble 
in 3 parts of water, and is used for intra¬ 
muscular injection. Sulphathiazole is less 
toxic and more rapidly absorbed and excreted 
than sulphapyridine. It is effective against 
pneumococci and streptococci and believed 
to be more effective against staphylococci 
than other sulphonamidcs. 

Sulphonal, (CH,),C(SO,C,II 4 )„ and 
Methylsulphonal, or trional, (CH,)(C,H 4 ) 
C<SO,C,H,)„ were formerly used to a 
considerable extent as hypnotics but they 
have now been superseded almost entirely 
by the barbituric acid derivatives. They 
arc absorbed very slowly and excreted still 
more slowly, consequently repeated doses 
may have a cumulative action and produce 
symptoms of poisoning. 

Solphonamides. Strictly speaking, all 
compounds with the grouping <(~NsO,NH, 
arc sulphonamidcs, but the term is now 
usually used for the group of drugs related 
to sulphanilamidc which contains the group 
H,N<(]3S0,NH—. The use of the sul¬ 
phonamidcs dates from 1934 when the 
dye prontosil was shown to be an effective 
curative agent for certain infections caused 
by bacteria. Later it was found that 
sulphanilamidc was the active portion of 
the prontosil molecule. Subsequently other 
and more effective derivatives of sul- 
phanilamide have been introduced. Many 
of the more active sulphonamides have the 
structure 

H,N<( ^SO,N H—C=N— 

They are prepared in general by condensing 
N-acctylsulphanilyl chloride with the ap¬ 
propriate amine and removing the acetyl 
group by hydrolysis. See Ind. Chem., 
1946, 267. 

The various sulphonamides differ in 
their specificity to various bacteria and in 
their ease of absorption and excretion. 
They are bacteriostatic (inhibiting growth) 
and not bactericidal, acting by allowing the 
natural body mechanisms to destroy the 
bacteria. 




Sulphur 


Sulphonation 


495 


The action of the sulphonamides is 
antagonized by p-aminobenzoic acid and 
it has been suggested that they act by 
blocking the position in an enzyme system 
that should be taken by p-ammobcnzoic 
acid, known to be an essential growth 
factor for certain organisms. 

Sulphonation. Sec Sulphonic acids. 

Sulphones are organic compounds con¬ 
taining an >SO, group united directly 
to two carbon atoms. They arc produced 
by oxidation of organic sulphides with mtnc 
acid or potassium permanganate. They arc 
colourless solids and are very stable. 

Sulphonic acids (aromatic). Sulpho- 
compounds. These are a large group of 
organic compounds which contain the group¬ 
ing — SO,H. 

The sulphonic acids arc usually prepared 
by the action of sulphuric acid upon a 
compound. The strength of the acid and 
the temperature of reaction are varied ac¬ 
cording to the reactivity of the compound. 
Often oleum is used or even chlorosulphonic 
acid. Aminosulphonic acids such as sul- 
phanilic and naphthionic acids arc most 
conveniently prepared by heating the 
sulphate of the amine at 180°. 

Prolonged sulphonation of benzene gives 
m-bcnzencdisulphonic acid. In the case 
of naphthalene, sulphonation gives a- 
substitution at low temperatures and 0- 
substitution at higher temperatures. 

The sulphonic acids arc strongly acidic 
compounds, very soluble in water and readily 
give water-soluble metallic salts. 

The most important reaction of the sul¬ 
phonic acids is the conversion into phenols 
by fusion with caustic alkalis. When they 
arc fused with potassium cyanide, nitriles 
arc obtained, e.g. bcnzonitrilc from benzcnc- 
sulphonic acid. 

Sulphonation is widely used for the solu¬ 
bilization of insoluble azo dyestuffs. Most 
of the acid wool colours are sulphonic 
acids. 

Sulphonphthaleins. A 
group of dyes, many of which 
are used as indicators, made 
by heating o-sulphobenzoic 
anhydride with phenols or 
substituted phenols; they 
have the general formula, 
shown herewith, R being a 
phenolic group. See Phenol red. 

Sulphur,S. At. no. 16, At.wt. 32 066. M.P. 
of rhombic sulphur 112*8°, M.P. of mono¬ 
clinic sulphur 119*2°, B.P. 444*7°, mol. wt. of 
vapour at 1000° 64*14, mol. wt. at 500° 216. 
Native sulphur occurs in many parts of the 
world, especially in volcanic regions, and 
the world’s supply comes mainly from 


southern U.S.A. and from Sicily. In U.S.A. 
it is obtained from subterranean sources 
through bore holes with the help of super¬ 
heated steam and an air lift for the molten 
sulphur. Sulphur also occurs widely in 
the form of gypsum, CaSO t , 2H,0, an¬ 
hydrite, CaSO„ and various pyntic ores, 
such as iron and copper pyrites. It is also 
produced commercially from sulphur di¬ 
oxide by reduction with carbon at high 
temperature. It can exist in several 
allotropic forms and more especially as 
rhombic, monoclinic, and various forms of 
plastic sulphur. Rhombic, octahedral, or 
a-sulphur, the stable form under ordinary 
conditions, is a lemon-yellow, brittle solid 
of sp. gr. 2*03-2*06, insoluble in water and 
easily soluble in carbon disulphide. X-ray 
examination of rhombic sulphur shows that 
the structural units are discrete S, molecules 
with the form of a puckered ring. It burns 
in air when heated, forming sulphur dioxide 
and a small proportion of sulphur trioxide. 
It combines with various metals such as 
iron, copper, or zinc on heating. It is 
oxidized by nitric acid to sulphuric acid. 
At 94*5° it is converted into monoclinic 
sulphur. Monoclinic, prismatic, or ^-sulphur 
occurs in fine light yellow needles of sp. gr. 
1*93. At the ordinary temperature it is 
slowly converted into rhombic sulphur 
without outward change of form. Transi¬ 
tion temperature between the two forms 
is 94*5°. Plastic sulphur is obtained by 
pouring molten sulphur at 350° into cold 
water, and forms a tough plastic mass of 
sp. gr. 1*95. As thus prepared it is par¬ 
tially soluble in carbon disulphide. The 
largest use of sulphur is in the finely divided 
sublimed form for spraying crops, more 
particularly grape vines, and secondly, for 
the manufacture of sulphuric acid. 

In its various compounds sulphur is 
di-, tetra-, or hexa-valcnt. 

Sulphur chloride, Sulphur monochloride, 
S,CI,. A pale yellow liquid obtained by 
passing chlorine into molten sulphur and 
purified by rcdistillation. B.P. 138°-140°, 
vap. density 67*5, sp. gr. of liquid 1*6882 
at 10°-15°. The liquid is decomposed by 
water to form sulphur dioxide, hydro¬ 
chloric acid, and sulphur according to the 
equation 

2S,Clj + 3H.O = 4HC1 + H s SO, + 3S. 

It is used in the rubber industry as a 
solvent for sulphur. 

Sulphur dyes are complex substances 
containing sulphur; they are insoluble in 
water but soluble in a solution of sodium 
sulphide. From a bath of this latter solu¬ 
tion they are applied to cotton, and are 
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subsequently oxidized in nir or treated 
with a metallic salt. 

Sulphur fluorides. The direct action of 
fluorine on sulphur yields the fluorides 
SF # and S,F 10 . The interaction of cobaltic 
fluoride, CoF„ and sulphur gives SF 4 . 
SjF 2 is formed on heating silver fluoride 
with sulphur. SF, may also exist. All 
these compounds are volatile. SF, is of 
interest ns it shows the maximum covalency 
of sulphur, not seen in any other sulphur 
compound. 

Sulphuric acid, H,SO„ SO,(OH),. The 
most technically important acid. A heavy 
viscous colourless liquid, dangerous to 
handle. DJJ 1 8357. The 100 % acid 
evolves SO, on heating. Acid of 08-3 % 
H t S0 4 has the constant B.P. 330°, M.P. 
10-35°. Strong sulphuric acid is a powerful 
dehydrating agent. It combines with water 
violently with contraction and evolution of 
heat. The heat of solution in six parts of 
water is 14-497 cals, per gm. mol. In 
dilute solution the acid is almost com¬ 
pletely ionized. It is used largely for 
liberating other inorganic and organic 
acids from their alkali and other salts, and 
for the production of metallic sulphates. 
It is prepared commercially either by the 
lead chamber process or by the contact 
process. In the former a mixture of NO, 
sulphur dioxide, air, and water spray is 
caused to interact in lead chambers or towers 
with production of chamber acid of about 
80 % concentration. The NO acts as 
a carrier in the oxidation of the SO, but the 
exact nature of its action is still a inntter 
of dispute. In the contact process the 
carefully purifled mixture of SO, and air 
is passed over a heated contact mass con¬ 
taining either platinum or a vanadium com¬ 
pound, and the SO, so formed is absorbed 
in sulphuric acid to form either 98 % H,S0 4 
or fuming sulphuric acid. The laboratory 
chemical is always obtained by purifica¬ 
tion of the commercial acid. Sulphuric 
acid and the sulphates arc usually identified 
by the formation of practically insoluble 
barium sulphate BaSO, as a dense white 
precipitate, insoluble in dilute acids, by 
the addition of barium chloride or nitrate 
to their aqueous solutions, and the same 
compound is used for its quantitative 
estimation. 

Sulphuric acid, fuming (Nordhausen sul¬ 
phuric acid), H,S0 4 • xSO„ technically known 
as oleum. A solution of SO, in sulphuric 
acid. Obtained by the contact process 
(see Sulphuric acid). Is produced in various 
percentages of excess SO,. The physical 
properties of these preparations indicate 
the existence of a compound, pyrosulphuric 


acid H,S,0 7 . On heating fuming sulphuric 
acid, sulphur trioxidc, SO„ distils, which is 
the usual method of preparing this com¬ 
pound. Fuming sulphuric acid is largely 
used for the preparation of organic chemicals. 

Sulphuric ether. See Ether. 

Sulphurous acid, II,SO,. A colourless 
acid, a solution of which is obtained by 
dissolving sulphur dioxide in water. At 
0 ° a crystalline hydrate, II,SO,. 511,0 
can be separated. With bases sulphites, 
M,SO„ and bisulphites, MI ISO,, are formed. 
The neutral sulphites, with the exception 
of the alkali sulphites, arc usually but 
slightly soluble in water. They arc easily 
decomposed by strong acids with liberation 
of SO.. Sulphurous acid and its salts can 
be determined quantitatively under suitable 
conditions by titration with iodine solution, 
or by oxidation with bromine water to 
sulphuric acid and isolation as burium 
sulphate. 

Sulphur oxides. Sulphur monoxide, SO, 
has been prepared by the action of an 
electric discharge on a mixture of sulphur 
vapour and sulphur dioxide at low pressure ; 
it is deposited as an orange-red solid on 
passing the gas from the discharge through 
a tube cooled in liquid air. Sulphur mon¬ 
oxide is also formed when sulphur is heated 
to 250°-300° in air at low pressures. At 
ordinary temperatures the monoxide is a 
colourless gas, which slowly decomposes to 
sulphur and sulphur dioxide. 

Sulphur dioxide, SO,, mol. wt. 04-00. 
A heavy colourless gas with the character¬ 
istic smell of burning sulphur. It is very 
poisonous. At 10° it liquefies at a pressure 
of 2-20 atm., M.F. - 72-7°, B.P. - 10°. 
It is incombustible in the absence of a 
catalyst and is a powerful reducing agent. 
It is very soluble in water. At 0° one 
volume of water dissolves 79-8 vols. of 
SO, and at 20’ 38-4 vols. On boiling 
the solution the whole of the gas is liber¬ 
ated. The solution probably contains both 
the free oxide and sulphurous acid, II,SO,. 
Sulphur dioxide is formed by the com¬ 
bustion of sulphur and of sulphur com¬ 
pounds such as iron and copper pyrites, 
and is usually produced industrially in 
this manner. As prepared in this way it 
always contains a small proportion of SO,. 
In the laboratory it is usually prepared 
by the action of sulphuric acid on sodium bi¬ 
sulphite solution according to the equation 
NaHSO, + H,SO, = NaHSO, + H,0 + SO,. 
It is recognized by its smell and by its 
property of reducing solutions of iodine and 
of alkali permanganate. 

Sulphur trioxide, Sulphuric anhydride, 
SO,. This compound exists in at least 
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. w o forms. a-Sulphur triox.dc .s obtained 
bv repeated distillation of the crude product 
and crystallizes in long prismatic needles 
of MP. 16 8° and B.P. 44-88°, sp. gr. 
20° = 1 9229. Its vapour density and other 
constants correspond to mol. wt. 80. 
Under ordinary conditions it is a colourless 
liauid fl-Sulphur trioxidc is obtained if 
the a form is kept at 10° for some time, as 
fibrous crystals. It slowly reverts to the 
„ form at G0°-100°. Its physical constants 
correspond to mol. wt. 100. Both forms 
react violently with water to form sulphuric 
acid according to the equation a SO, + 
H O - H.SO, + 40 cals. It is a very 
powerful dehydrating agent. It is obtained 
by the oxidation of SO, with air or oxygen 
in presence of finely divided platinum or 
of vanadium compounds as catalysts and 
this reaction forms the first stage of the 
contact process of sulphuric acid manu¬ 
facture. It is also formed as a distillate 
by heating sulphuric acid with phosphorus 
pentoxidc and similarly by heating fuming 
sulphuric acid alone. 

Sulphur nitride, S 4 N 4 (also called nitrogen 
sulphide) is an orange crystalline solid 
prepared by the action of dry ammonia 
on thionyl chloride, or on a solution of 
sulphur monochloridc and chlorine in 
benzene. Sulphur nitride frequently ex¬ 
plodes on percussion, but this effect may be 
due to traces of impurity. It reacts with 
chlorine to give a chloride, S 4 N 4 CI 4 , and 
with sulphur monochloride to give thio- 
trithiazyl chloride, S 4 N,CI. 

Sulphur-selenium sesquioxide. Sec 
Selenium sulphoxide. 

Sulphuryl chloride, SO,Cl,. A colourless 
liquid of B.P. 09° obtained on exposing a 
mixture of equal volumes of sulphur dioxide 
and chlorine to direct sunlight. The re¬ 
action is accelerated in presence of a little 
camphor. It is rapidly decomposed by 
water, forming sulphuric and hydrochloric 
acids. 

Superbeckacite. A substituted phenol- 
formaldehyde resin, thermoplastic and oil- 
soluble. Less liable to yellowing when 
incorporated in oil varnishes than most 
of the oil-soluble phenolic resins. 

Super-centrifuge. See Sharpies super- 
centrifuge. 

Supercooling. The phenomenon of cool¬ 
ing a liquid to a temperature below that at 
which crystallization would normally occur, 
i.e. below its freezing-point, without the 
separation of solid. Pure water may often 
be cooled to several degrees below its 
freezing-point, especially if free from sus¬ 
pended dust particles, which act as crys¬ 
tallization nuclei. Supercooling is common 
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with viscous liquids, and glass is to l>c 
regarded as an extreme example of the 
phenomenon for, in it, solidification has 
occurred without crystallization. The 
phenomenon of cooling a solution below the 
saturation temperature for the quantity of 
solute present is called supersaturation, and 
such a solution is said to be supersaturated. 

Superpalite. Sec Trichloromcthyl chloro- 
formate. 

Superphosphates. Treatment of ordinary 
insoluble calcium phosphate, Ca,(P0 4 )„ 
with concentrated sulphuric acid yields a 
product, calcium hydrogen phosphate, 
Ca(H,P0 4 )„ which is soluble in water and 
is a very effective fertilizer. Commercially, 
one of the available forms of calcium phos¬ 
phate is treated with sulphuric acid of 
carefully controlled concentration, pre¬ 
ferably in a closed autoclave under pressure 
(“ Obcrphos M process). The dry product 
consists of the soluble calcium salt together 
with calcium sulphate and sulphates of 
other metals present as impurities in the 
raw material, and is known as “ super¬ 
phosphate." Care is taken in the manu¬ 
facturing process to avoid a product con¬ 
taining excess phosphoric acid, or unattucked 
insoluble calcium phosphate, which results 
if too much or too little acid is used. About 
40 % of the total quantity of sulphuric 
acid marketed is used in superphosphate 
manufacture. 

The grades most widely used have about 
13-7 % of phosphoric acid (30 % tricalcium 
phosphate) and 10 % to 17 % of phosphoric 
acid. Higher grades arc also manufactured. 

Supersaturation. Sec Supercooling. 

Supersonics. Supersonic vibrations have 
a frequency of the order of 200,000 per 
second ; they may be set up by the applica¬ 
tion of an alternating current to quartz, 
tourmaline, or Rochelle salt, or by the 
effect of oscillating magnetism on a rod of 
magnetic metal immersed in a liquid. 
They can bring about the liquefaction of 
gels, bleach solutions of coloured dyestuffs, 
and depolymerizc macromolecules. With 
their help it is possible to make an emulsion 
of mercury and water or to sterilize milk. 
See Trans, of Inst, of Chemical Engineers , 
1937, p. 223. 

Suprarenin. Sec Adrenaline. 

Suprasterol. See Vitamin-/*. 

Sura min . A complex organic urea, prob¬ 
ably a derivative of the type :— 

((SOjH), OH C I0 II 4 NH CO C'H 4 NII 

CO • C 4 H 4 • NHJjCO 
It is a white powder, soluble in water, 
insoluble in alcohol. It is used both as 
a prophylactic and curative agent for 
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trypanosomiasis, being given weekly in 
gradually increasing doses. It is often 
taken in conjunction with tryparsamide. 

Surface compounds. The surfaces of 
many solids become coated with uni- 
molecular layers of chemisorbed gases. 
These molecules are attached by ordinary 
chemical linkages and give to the solid 
its characteristic properties. Thus char¬ 
coal and many metals are covered with 
surface oxide films ; the amount of oxygen 
per unit weight of the material will vary 
with the specific surface and so the com¬ 
pound appears to be non-stoichciometric. 

The first definite surface compound was 
recognized by Langmuir—a unimolccular 
film of chemisorbed oxygen on tungsten, 
which was stable to very high temperatures 
but reacted with further quantities of 
oxygen to form the normal tungstic oxide 
which then distilled orr. See Chemisorption, 
Active centres. 

Surface energy. The surface energy of 
a system is defined as the work necessary 
to increase the surface by unit area against 
the force of surface tension Iq.v.). 

Surface orientation. According to recent 
researches on the spreading of films of 
organic materials on water, the molecules 
of the surface layer arc usually orientated 
according to their composition. With 
large organic molecules there may, for 
example, be some group such as a sul- 
phonatc or carboxyl group which tends 
to confer solubility on the compound. 
Such groups arc therefore hydrophilic and 
arc attracted to the water so that the mole¬ 
cule turns round and is anchored, as it 
were, by the hydrophilic group which will 
penetrate below the water surface. On 
the other hand hydrocarbon chains are 
hydrophobic, and will tend to remove 
themselves as far as possible from the water. 
Thus a film of long-chain fatty acids on 
water will have the molecules orientated 
so that the hydrocarbon chains arc all 
perpendicular to the surface with the acid 
groups dipping into the water. Reference: 
W. K. Adam, “ The Physics and Chemistry 
of Surfaces.” 

Surface tension. The molecules in the 
body of a liquid arc equally attracted in 
all directions by the other molecules. 
Those at the surface, on the other hand, will 
have a residual inward attraction. This is 
associated with a surface tension which acts 
in a direction parallel to the boundary sur¬ 
face and tends to reduce that surface to 
a minimum. Work has to be done to in¬ 
crease the area of the surface against this 
force. This explains why an emulsified 
system always tends to be unstable and 


breaks down unless there is present some 
substance to lower the surface or intcr- 
facial tension. Sec Surface energy. 

Surgical spirit is industrial methylated 
spirit further denatured by the addition of 
castor oil, methyl salicylate, and ethyl 
phthalate, or mineral naphtha, castor oil 
and ethyl phthalate. 

Suspended transformation. It is often 
possible to maintain a system in a state 
which is far from the true equilibrium 
condition. Thus, in the absence of dust 
nuclei, or of mechanical shock, water may 
be heated far above its boiling-point 
without the occurrence of ebullition. Such 
a system is said to be metastable or in a 
state of suspended transformation. The 
phenomenon occurs frequently amongst 
allotropes, e.g. diamond is really inctastablc 
to graphite ; white phosphorus to red 
phosphorus ; and at lower temperatures, 
white tin to grey tin. 

Suspending agents. For many purposes 
the suspension of a small amount of material 
in a large volume of liquid is required. In 
order to do this the material to be suspended 
should be ground as finely ns possible and 
given a charge by means of some easily 
adsorbablc active compound. A further 
method is to increase the sedimentation 
volume by the use of a bulky hydrated 
precipitate which will hold up the solid to 
be suspended. Bentonite has been patented 
for this purpose. 

Suspensoids. Substances in the colloidal 
state divide themselves naturally into two 
classes, those which arc coagulated by small 
concentrations of electrolytes and those 
which are stable. One school of colloid 
chemists terms the former suspensoids 
and the latter emulsoids. The particles 
of suspensoid sols arc solid while those of 
emulsoids are presumed to be in the liquid 
state. Suspensoid sols are practically the 
same as hydrophobic sols (q.v.). See 
Colloids, Emulsoid, Coagulation. 

Svedberg, Theodor (1884- ). Svcdbcrg 

was born at Valbo, Sweden, and educated 
at Upsala University, where he became 
docent in chemistry in 1907 and professor 
of physical chemistry in 1912. He has 
published numerous papers, dealing chiefly 
with colloidal chemistry, and for his work 
in this field was awarded the Nobel Prize 
in Chemistry for 1926. 

Swan, Sir Joseph Wilson (1828-1914). 
Born at Sunderland, Swan served his ap¬ 
prenticeship with a druggist and ultimately 
became partner in the business. The firm 
manufactured photographic materials and 
their production of dry plates was the result 
of Swan's researches. He also produced 
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bromide paper and a commercial process for 
carbon printing. In 1860 he produced 
an electric carbon filament lamp and, in 
1880, gave a demonstration in Newcastle 
of electric lighting. He was the first to 
make useful threads of artificial silk, 
exhibited at the Inventions Exhibition 
of 1885. He was knighted in 190*. 

Sweating. The process of removing 
entrapped oil and low-melting waxes from 
the filter cake obtained in dewaxing pro¬ 
cesses. The wax is charged molten to a 
suitable sweating stove, such as the Alanmor 
or Henderson type, and allowed to solidify 
into cakes, the rate of cooling being adjusted 
so that a well-developed crystalline struc¬ 
ture is obtained. The temperature is then 
slowly raised and the oil and low-melting 
waxes allowed to drain off until the residue 
has the required melting-point. The whole 
charge is then melted and withdrawn. 

Sweetland filter. The Swectland filter 
is un improvement on the Moore and Kelly 
leaf filters. The filter leaves are circular and 
arc suspended by the filtrate outlets cross¬ 
wise from the top half of a cylindrical casing. 
The sludge is fed in under pressure; the 
filtrate passes to the interior of the leaves 
and is discharged through sight glasses into 
a common manifold. Washing is by dis¬ 
placement. the slurry feed being cut off and 
wash water fed in its place. Discharge of 
the cake is very simple, the lower half 
of the casing being dropped on hinges and 
the solids blown off the leaves with com- 
pressed air. 

Sweetland filter thickener. See Filter 

thickeners. 

Sweet nitre, or spirit of nitrous ether, is an 
alcoholic solution containing about 2-5 % of 
ethyl nitrite. It is a powerful diaphoretic 
rapidly producing perspiration and is 
prescribed for incipient colds and influenza. 
It is an old-fashioned but still popular 
remedy for colds and chills on the principle 
of “ sweating them out.” 

Swelling of colloids. When a piece of 
dry gelatine is exposed to moist air or placed 
in water, it swells greatly owing to hydra¬ 
tion. This is an effect common to all hydro¬ 
philic colloids and thus to most natural 
organic matter, c.g. cellulose, wood, carbo¬ 
hydrates. The pressure produced by swell¬ 
ing is very high, and swelling thus takes 
place even when opposed by a pressure of 
many atmospheres. 

The effect of electrolytes on swelling of 
gels is very marked, and is generally a 
minimum at the isoelectric point of the 
material. In general sulphates, tartrates, 
etc., inhibit swelling while iodides and thio¬ 
cyanates increase the effect. Thus gelatine 


disperses completely in potassium iodide 
solution even in the cold. Sec Colloids, 
Gel, Hydrophilic. . 

Swenson Walker crystallizer. This con¬ 
sists of an open trough of U cross-section 
surrounded by a cooling water jacket and 
containing a slowly rotating helical agitator. 
The hot mother-liquor enters at one on 
and flows through the trough, the crystals 
which form being kept freely suspended 

in the liquid by the agitator. In this way 
a uniform product is obtained, and the 
process may be controlled by manipulation 
of the cooling water to secure any desired 
temperature gradient. 

Switch Oil. See Transformer oil. 

Sylvestrene, C 10 H U . 

CH, CH» 

l A 

H.d^CH or h/V 

H.A Ah-<! h - hJ: >-<; 

Y„, XcH * Y». c • 

An optically active monocyclic tcrpenc, 
the dihydrochloridc of which is obtained 
by the action of hydrogen chloride on 
various pine-needle oils, and on Finnish and 
Indian oils of turpentine. It has been found 
that sylvestrene is not present in these 
oils, but is formed by the isomerization of 
J»- and J*-carenc. Sylvestrene is liberated 
from the dihydrochloridc by treatment with 
aniline. Both </- and /-forms arc known, as 
is also the racemic form, which is known 
as carvestrenc. d-Sylvcstrenc is usually 
obtained from natural sources in the manner 
indicated above. /-Sylvestrene can be 
obtained from the terpcnc fraction of the 
oil from Dacryodcs hexandra or from 
/-J*-carene from Kampferia galangu. Car¬ 
vestrenc can be obtained by various syn¬ 
thetic reactions from carvonc. d-Svlvcs- 
trene has the following constants: B.P. 
175°/751 mm., d •• 0 S*7», n D 11760, 
[a] D + 83-18°. The various forms of syl¬ 
vestrene are characterized by giving an 
intense blue coloration in acetic anhydride 
solution on addition of strong sulphuric 
acid. Sylvestrene gives a crystalline di¬ 
hydrochloridc of M.P. 72°-73\ Carvestrcne 
dihydrochloridc melts at 52°-53 > . These 
hydrocarbons are probably in fact insepar¬ 
able mixtures of compounds of the two 
constitutional formula given above. 

Sylvite, KC1, occurs in cubes at Stassfurt 
and in Galicia. Hardness 2. 

Symons disc crusher. This device con¬ 
sists of two slightly concave plates one of 
which is stationary and the other rapidly 
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revolving. The shaft of the rotating 
plate has keyed to it at the far end an 
eccentric bush which runs in a journal 
bearing, thus causing the plate to wobble 
as it rotates and to exert a crushing action 
on material fed in between the two plates. 
The Symons crusher takes feed of an inter¬ 
mediate size, such as the product from a jaw 
crusher or a gyratory crusher. 

Syneresis. This term was given by 
Graham to the separation of liquid from a 
gel on standing. All gels show syneresis 
to a greater or less extent and the pheno¬ 
menon is probably a continuation of the 
process of gelation, the gel material ad¬ 
hering at more and more places so that it 
shrinks and squeezes out a portion of the 
dispersion medium. Viscose gels synerizc 
to a large extent and the phenomenon is 
commonly met in the cooking of foods. 
It is supposed to play an important part 
in gland secretion. Sec Colloids, Gel. 

Syngenite. A native hydrated double 
sulphate of potassium and calcium, K,S0 4 , 
CoS0 4 , 11,0, which forms colourless mono¬ 
clinic crystals having a pseudo-orthorhombic 
habit ; sp. gr. 2 0, hardness 2-5. Syngcnitc 
is decomposed by water with deposition 
of calcium sulphate. It commonly occurs 
in association with rock-salt, anhydrite, 
and gypsum. 

Synthetic ammonia. This refers to 
ammonia prepared from its elements in the 


Tachysterol. See Vitamin-D 

Tactosols. Colloidal sols which contain 
non-spherical particles which arc capable of 
orientating themselves are sometimes termed 
tactosols. Aged vanadium pentoxide sol 
separates into a concentrated tactosol with 
rod-shaped particles and a dilute isotropic 
atactosol. In a magnetic field, for example, 
the particles of such a sol arrange themselves 
along the lines of force. A tactosol is 
readily obtained by cooling a dilute boiling 
sol of benzopurpurin. See Colloid, Aniso¬ 
tropic, Stream double refraction. 

Tagatose. See Hexosc. 

Talc, a term used for several varieties of 
steatite. It is a silicate. The crystals are 
pale green or colourless flakes, monoclinic, 
but with pscudo-hcxagonal symmetry. 
X-ray analysis shows a structure similar to 
mica, and a formula corresponding to 
Mg3(Si 4 O l0 )(OII)„ if allowance is made for 
isomorphic replacements. The chief dif¬ 
ference is that in talc the sheets of linked 
tetrahedra are composed of Si 4 O, 0 , but in 
mica they are composed of AlSi,O, 0 . This 
has the effect of making the double sheets 


presence of a catalyst, a process first per¬ 
fected by Haber in Germany. See 
Ammonia. 

Synthetic rubbers. These arc synthetic 
materials which resemble natural rubber 
in some of their properties. The early 
synthetic rubbers (c.g. the German methyl 
rubber manufactured in the 1014 war) were 
attempts to reproduce the molecular con¬ 
stitution of rubber, but in recent work the 
reproduction of the properties of rubber 
is regarded as more important than the 
manufacture of a material with the mo¬ 
lecular structure of the natural substance. 
The more important synthetic rubbers arc 
polymers of butadiene, homologucs of 
butadiene and styrene, vinyl halides, 
halogenated butadienes (sec Neoprene), or 
mixed polymerizable materials, or arc 
thioplasts (see Thioplasts, Thiokol). Many 
ester and other oxygen-containing polymers 
(see Plasties) also resemble rubber in 
some of their properties. The synthetic 
materials arc more expensive than natural 
rubber, but many of them have the im¬ 
portant advantage over rubber that they 
arc oil-rcsistant. Also, their manufacture 
can be carried out in many countries from 
native materials, conferring independence 
of foreign sources of rubber. 

Syrigin, C,,!!,,©,. present in Syringa 
species and elsewhere is 5-incthoxyconiferin. 


neutral, and no cations arc needed to balance 
a negative charge. The Mg, fills all the six- 
co-ordinated positions, 

a = 5-2GA.,6 = 9-10 a., c= 18-81 a. and 0=1OO\ 

There is one cleavage with a platy fracture, 
and the structure is foliated, sp. gr. = 2-7- 
2 -8. Hardness = 1 (can be scratched by 
a finger-nail). Refractive index 1-545 ; high 
double refraction. Varieties arc steatite and 
soapstone. 

It is used as an insulator, refractory 
material, filler, and the chief constituent 
of some toilet powders. 

Talose. See Hcxose. 

Tammann, Gustav (1861-1938). Tam¬ 
mann was bom at Yamburg, Russia, and 
educated at the University of Tartu, 
Esthonia, where he became Professor and 
Director of the Physico-chemical Institute. 
In 1903 he went to Gottingen to take up the 
newly-established Professorship of Inorganic 
Chemistry, and in 1907 became Director of 
the Institute for Physical Chemistry. His 
chief work dealt with heterogeneous equili¬ 
bria and states of aggregation, thermal 
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analysis, metallography, the physical chem¬ 
istry of glasses and silicates, and reactions 
between substances in the solid state. 

Tannase. A number of mould fungi, e.g. 
Aspergillus niger, contain an enzyme whicn 
splits tannins of the ester type, of which 
mcthylgallate is the simplest equiva ent 
The acid component must contain at least 
two phenolic hydroxyl groups. 

Tannic acid, GaUotannic acid. Tannin, 
C„H M 0 4i . Suggested formula 
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CHOR where R is II 
CHOR 
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It is a yellowish-white powder, with an 
astringent taste, soluble in water and 
alcohol ; dextrorotatory. It is obtained 
from oak-galls by fermenting them and 
extracting with water-saturated ether. It 
gives precipitates with most metallic salts, 
with proteins, and with alkaloids. On 
hydrolysis it gives glucose and gallic acid. 

Tannigen. A trade name for Acelannin. 

Tannins. A large class of amorphous 
substances present in plants. They have 
an astringent taste, give a blue or green 
colour with iron salts, and arc precipitated 
from water solution by proteins and by 
alkaloids. They arc condensation products 
of various phenols, of which the most im¬ 
portant arc pyrogallol and catechol. The 
structure of tannic acid, the tannin from 
oak-galls, has been worked out; other 
tannins have similar types of structure. 
The tannins can be obtained by extracting 
the raw materials with water- or other 
solvents and precipitating with lead acetate. 
It is their property of precipitating gelatine 
which is responsible for the uses of tannins 
in the treatment of hides to make leather. 
They are also used as mordants in the 
textile industry. 

Tannyl acetate. See Acetannin. 

Tantalic acids and Tantalates. These 

closely resemble the corresponding niobium 
compounds. Sec Niobic acids. 

Tantalum, Ta. At. no. 73, At. wt. 180 88. 
A silver-white or greyish metallic element, 
sp. gr. IC G, M.P. 2800°, B.P. 5500°, sp. 
heat 0-034G. The crystals are cubic, 
a = 3-298 a., with the body-centred cubic 
structure. 


The metal is notable for its hardness 
(30-40 Brincll; Mob’s scale G-0-5). but can 
bedrawnand forked in the cold Ta— 
always occurs in nature associated with mo 
bium ( q.v .). the principal source being the 
mineral tantalite (Fe, MnjO, (Ta, Nb), *• 
The tantalum is eventually recovered from 
this as the tantalifluoridc, K,TaF„ from 
which the pure metal may be obtained 
by electrolysis at 750°, using a fused mix¬ 
ture of K,TaF 7 , tantalum pentoxide, and 
an alkali halide : the product is heated in 
a high vacuum to remove adsorbed gases. 
Tantalum is oxidized on strong heating in 
air or oxygen, the powder or fine wire often 
burning with incandescence. The P<>wdc r 
also reacts with steam on heating. The 
metal is scarcely attacked by acids, except 
by a mixture of hydrofluoric and nitric acids ; 
it is also resistant to aqueous alkali solutions, 
but is attacked by fused alkalis. Tantalum 
reacts readily with fluorine and chlorine, 
and less easily with bromine, giving the 
pentahalide. Sulphur also combines readily. 
Tantalum is used commercially in the 
fabrication of alloys where hardness and 
resistance to heat and to the action of 
acids are of importance; alloys with 
platinum, nickel, copper, and molybdenum 
have been used in this way. The tungsten 
and molybdenum alloys, of great hardness, 
can be used for cutting tools. The use of 
tantalum for electric lamp filaments has 
been superseded by the introduction of 
tungsten filaments, but tantalum is still 
used in wireless valves and X-ray tubes, 
and also in thermocouples. Tantalum has 
also been employed for the anodes of small 
electrolytic rectifiers. No simple qualita¬ 
tive test for tantalum is available ; it may 
be separated from the mixture of niobium 
and tantalum oxides obtained after remov¬ 
ing titanium (sec Niobium) by dissolving in 
hydrofluoric acid, adding potassium fluoride, 
and crystallizing as the salt K,TaF,. In 
its compounds tantalum closely resembles 
niobium ; it exerts a valency of five or (less 
frequently) three. 

Tantalum bromides. The pcnlabromide, 
TaBr s , is a pale yellow solid, M.P. 240% 
B.P. 320°, closely resembling the penta- 
chloride in its properties and methods of 
preparation. The tribromide, TaBr„ or 
probably (Ta«Br„)Br„ has been described 
as a dark olive-green solid prepared by 
heating the pentabromide in hydrogen. 

Tantalum chlorides. The pentachloride, 
TaClj, is a pale yellow crystalline solid, 
M.P. 211°, B.P. 233°, prepared by passing 
chlorine over heated tantalum, or carbon 
tetrachloride vapour over heated tantalum 
pentoxide. It is very readily hydrolysed 
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by water, and fumes slightly in moist air. 
It is readily soluble in carbon disulphide 
and acetone, reacting slowly with the latter 
solvent. A number of complex compounds 
of tantalum pcntnchloridc with organic 
bases are known. On heating the penta- 
chloride with aluminium and aluminium 
chloride the lower chlorides TaCI„ TaCI„ 
and TaCl 4 (?), which are green solids, are 
formed. 

Tantalum oxides. Tantalum pentoxide, 
TajOj, forms a refractory white powder, 
sp. gr. 7-5-7-7, generally prepared by 
igniting the hydrated oxide obtained on 
hydrolysis of some other tantalum com¬ 
pound ; it is also formed on strong heating 
of tantalum in oxygen. The pentoxide is 
not reduced by heating in hydrogen (dis¬ 
tinction from niobium pentoxide). It is 
attacked by fused alkalis, forming tantalatcs, 
and dissolves readily in hydrofluoric acid. 
A tetroxide, Ta t 0 4 , is formed as a dark-grey 
or brown powder on strong ignition of the 
pentoxide in absence of air. 

Tantalum pentafluoride, TaF*. Colour¬ 
less hygroscopic crystals, M.P. 96-8*, B.P. 
229° .prepared by the action of fluorine on 
tantalum, or of hydrogen fluoride on the 
pcntnchloridc. It is hydrolysed by water, 
but is somewhat less reactive than niobium 
pentafluoride. Double fluorides, 

(c.g. NaTaF., K,TaF„ (NH 4 ),TaF # ), 
arc readily formed. 

Tantalum pentaiodide, Tal,. A dark- 
brown solid, prepnred by the action of 
hydrogen iodide on tantalum pentabromide. 

Tantalum sulphide, TaS,. A refractory 
grey or black powder prepared by heating 
tantalum with sulphur. It burns on heating 
in air, forming the pentoxide, and is slowly 
oxidized by boiling sulphuric or nitric acid. 
It also reacts with chlorine on heating, 
giving tantalum pcntachloride. 

Tantiron. An iron-silicon alloy, contain- 

H % to 15 % silicon and smali quantities 
of carbon, manganese, phosphorus, and 
sulphur. It is resistant to nitric, sulphuric, 
and acetic acids at all concentrations and 
temperatures, but is very brittle. 

Tar. Tar consists of the non-aqueous 
liquid condensate resulting from the destruc¬ 
tive distillation of carbonaceous materials. 
It is subdivided according to the process from 
which it is derived, thus : (a) high-tempera¬ 
ture tar from coke ovens; (6) low-temperature 
tar obtained by the low-temperature carbon¬ 
ization of coal; (c) high-temperature gas¬ 
works tar, viz. from horizontal and vertical 
retorts; ( d ) oil tar from the carburetted 
water-gas process. 


Tar acids. These consist largely of phenols, 
and are obtained from tar by precipitation 
with sodium carl>onatc to obtain the sodium 
phenolatc and treatment of this compound 
with carbon dioxide to regain the phenol. 

Taraxanthin, C M H M O a . A carotenoid 
pigment, esters of which are present in 
dandelion petals, M.P. 185°. Dextrorota¬ 
tory. Unlike violaxanthin, of which it is 
an isomer, it gives no blue colour with 
hydrochloric acid. 

Tartar emetic. See Potassium antimonyl 
tartrate. 

Tartaric acids, C,II 4 0„ occur in two optic¬ 
ally active and two inactive forms, d- 
Tartaric acid 

OH 11 
HOOC— i- 


k 


coon 


on 


crystallizes in colourless prisms, M.P. 170° 
[«)© + 11-98° (20 % solution in water) 
Very soluble in water; sparingly soluble 
in ether. Occurs in the grape and other 
fruit. Manufactured from argol nnd wine 
lees by precipitation as the calcium salt. 
Chars when heated. Potassium hydrogen 
tartrate is sparingly soluble in water. 
Neutral tartrates form double salts not 
decomposed by alkalis. Used in calico 
printing and in the manufacture of baking 
powders and effervescent drinks. 

The d-tartaric acid exists in three solid 
forms, the ordinary crystals, nn amorphous 
form, nnd a glassy form. The crystals in 
plates cut perpendicular to an optic axis 
rotate to the left. The amorphous and 
the glassy forms rotate to the right if red 
or yellow light is used, but to the left if 
blue, violet, or ultra-violet light is used. 
Aqueous solutions of tartaric acid usually 
rotate to the right, but supersaturated 
solutions rotate to the right if red or yellow 
light is used, but to the left if violet or 
ultraviolet light is used. See Chemistry 
and Industry, 1936, p. 795. 

/-Tartaric acid, 


H OH 

HOOC—i-1-COOH 


OH II 


is identical in physical properties with 
the d-acid, fa]^ — 11-98°. Obtained from 
racemic acid by fractional crystallization 
of the cinchonine salt. 

Racemic acid, d/-tartaric acid, is a 
mixture of the two active forms. It crys¬ 
tallizes below 73° with one molecule of 
water of crystallization, M.P. 205° (an¬ 
hydrous). Less soluble in water than 



Telluric 


Tartrazine 

d-tartaric acid. Formed, together with 
mesotartaric acid, by boiling d * tarta ™ aC “* 
with 30 % sodium hydroxide solution , or 
by oxidation of fumaric acid Potassium 
hydrogen racemate is very insoluble. 
Mesotartaric acid, 

OH OH 
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HOOC- 


-COOH 
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crystallizes in plates with one molecule 
of water of crystallization, M.P. 140 
(anhydrous). Very soluble in water. Ob¬ 
tained from the mother-liquors in the pre¬ 
paration of racemic acid; or by oxidation 
of maleic acid. Potassium hydrogen meso- 
tartratc is soluble in water. 

Tartrazine. C u H # O.N 4 S a Na„ is the sodium 
salt of 4-p-suIphobcnzcncazo-l-p-sulpho- 
phcnyl-5-hydroxpyrazolc-3-carboxylic acid. 

Na00 C=N h< ^ 

[aO,S — C 4 H,—N : N • CH—CO^ 

It is an orange-red powder, usually contains 
excess sodium chloride, and is soluble in 
water. It can be prepared by reacting 
phcnylhydra/.ine sulphonic acid with di- 
hvdroxytnrtaric acid, but is more usually 
manufactured by condensing oxaloacetic 
ester with phcnylhydra/.ine sulphonic acid 
and coupling with diazotized sulphnnilic 
acid. It is one of the pyrazolone dyes (?.v.). 
is very fast to light, and dyes wool a pure 
yellow colour. It is a permitted colouring 
matter for foodstuffs and is used in lemonade 
powders. 

Tartronic acid, hydroxymalonic acid, 
C,H 4 O s . It forms colour¬ 
less crystals with one mole¬ 
cule of water of crystalliza¬ 
tion ; this changes to the 
anhydrous form at 60°, M.P. 

160° (dccomp.). Soluble in water and 
alcohol; the anhydrous acid is soluble in 
ether. It is prepared by heating dinitro- 
tartaric acid in aqueous alcohol. 

Taurine, Aminoethylsulphonic acid, 

NH, • CH, CH, • SOjH. 

Crystallizes in columns, decomposing at 
300°-305°. Soluble in water, insoluble in 
alcohol. In combination with cholic acid 
it forms one of the bile acids. It is formed 
in the liver from cysteine. See “Sulfur 
Metabolism,” by Kahn and Goodridge. 

Taurocholic acid, Cholyltaurine, 

c, 4 h 45 o 7 ns. 

It occurs as its sodium salt in the bile. 
On hydrolysis it gives taurine and cholic acid. 
Sec Bile salts. 


XOOH 
HO • CH 

\C00H 


Tautomer ism, or dynamic * 

special kind of isomerism in which the two 
isomers are easily interconvcrtcd, usually 
through the movement of a hydrogen atom. 
Thus hydrocyanic acid can behave as 
H • C : N or H • N : C, and acctoacetic ester 
exists either in a keto form, 

CH, • CO • CH, • COOC a H t , 

or an cnol form, 

CH, • COH : CH • COOC,H 4 . 

Tautomerism may also be caused by the 
redistribution of valencies in a ring system. 

Taylor, Hugh Stott (1890- ). Born 

at St. Helens, Lancashire, Taylor was 
educated at Liverpool University. Joining 
the staff of Princeton University in 1914 
as an instructor in physical chemistry, 
he rose to professorial rank in 1922, became 
chairman of the department of chemistry 
in 1920, and since 1927 has been the David 
B. Jones professor of chemistry. Taylor is 
best known for his work on catalysis, for 
which he was awarded the Nichols Medal 
in 1928. 

Technetium, Tc. The name proposed for 
element number 43 by Perrier and Scgrfc, 
who lirst showed that radioactive isotopes of 
the element could be obtained by bom¬ 
barding molybdenum. Element No. 43 
had been previously named masurium. 
Wcighablc quantities of a tcchnctium isotope 
with o half-life of 9 4 X 10‘ years have 
been obtained by exposing molybdenum m 
an atomic pile. 

Teeple, John Edgar (1874-1931). Tccple 
was born in Kcmpton, Illinois. He com¬ 
menced an academic career but abandoned 
it in 1904 to become a consulting chemist 
in New York, where he opened his own 
office in 1908. His investigations were of 
a varied nature, frequently confidential 
in character, his best-known achievement 
being the successful development of the 
potash industry at Searlcs Lake, California. 
He was awarded the Perkin Medal in 1927. 
Teichmau’s crystals. See Hamiin. 
Tellurates. These salts arc derived from 
the telluric acids H,TeO t and H,Te0 4 ,211,0. 
Unlike the selenatcs, they yield neither 
alums nor mixed crystals with the sulphates 
and selenatcs. The normal salts usually 
contain two molecules of water of crystal¬ 
lization, and arc probably derived from the 
acid H s Te0 4 , 2H.O, whilst allotelluric acid 
is so weak that only salts of the type 
KHTe0 4 are known. 

Telluri-bromides. See Tellurium bromides. 
Telluric acid. The acid is prepared by 
the action of strong oxidizing agents on 
tellurium or tellurous acid. The dihydrate 
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H,Tc0 4 , 2H,0 which separates from hot 
nitric acid solutions consists of regular 
octahcdra, D 3 035, whilst from aqueous 
solutions it forms inonoclinic prismatic 
crystals D 3 071. The dihydratc yields 
allotclluric acid, II,Te0 4 , on dehydration at 
140°, and this form of the acid is stronger 
than the dihydrate, which is thus regarded 
as H,TcO„ an acid comparable in strength 
with hydrogen sulphide. The hexahydrate 
II,Tc0 4 , 611,0 is obtained by crystallization 
from ice-cold solutions. 

Telluri-chlorides. See Tellurium chlorides. 

Tellurides. See Hydrogen telluridc. 

Telluri-iodides. See Tellurium tetra- 
iodide. 

Tellurites. The alkali tellurites arc ob¬ 
tained by treating the dioxide with 
aqueous alkalis, or by fusing it with an 
alkali carbonate. They are soluble in 
water, and the other tellurites may be 
obtained from them by precipitation. 
Alkali tellurites in solution arc oxidized to 
tcllurates by halogens or hydrogen peroxide, 
and reduced to tellurium by such reagents 
os sulphur dioxide and hydrazine. They 
are derived from the acids H,TcO,, H,Te,0 4 , 
and H,Tc 4 0,. 

Tellurium, Tc. At. no. 52. At. wt. 
127 01. D 5 85-0 31. M.P. 452°, B.P. 1390°. 
Tellurium occurs in small quantities in 
Japanese red sulphur, in pyrites (Spain), 
and as tellurides such as hessite, Ag,Tc, and 
mclonitc, Ni,Tc,. The dioxide TcO, occurs 
native ns tellurite. The existence of the 
element was first indicated by Muller of 
Hermanstadt in 1783, whilst the name 
(Latin tellus, the earth) was suggested by 
Klaproth in 1798. It is extracted (a) from 
hessite with 20 % oleum, the silver being 
precipitated with hydrochloric acid, and 
the tellurium precipitated with sulphur 
dioxide, and (6) from the anode muds of 
copper refineries, which arc roasted to form 
the oxide TcO„ which is then smelted with 
carbon to yield the element. Amorphous 
tellurium, D 5-85, is a grey-black powder 
obtained by precipitation, and yields the 
ordinary crystalline variety, metallic tel¬ 
lurium, I) 0-2, on heating. This form 
crystallizes in the hexagonal system 
a — 4-445, c — 5-912 a., and is isomorphous 
with selenium. Both forms arc poor con¬ 
ductors of heat or electricity. The ele¬ 
ment is used in small quantities for tint¬ 
ing glass red to violet, and in lead to confer 
toughness during cold working. In its 
chemical properties, it takes its natural 
place after sulphur and selenium in the 
periodic system, and differs from them in 
being more metallic and generally less 
reactive. It combines directly with halo¬ 


gens, oxygen, and many metals, and dis¬ 
solves in nitric and sulphuric acids. Tel¬ 
lurium compounds arc poisonous, and small 
amounts induce indisposition, accompanied 
by a most nauseating odour in the breath, 
perspiration, and faces, generally attributed 
to dimethyl telluridc. 

Tellurium, compounds of. Tellurium com¬ 
pounds are generally derived from the oxides 
TcO and TcO,. and closely resemble the 
corresponding selenium compounds. The 
differences arc generally due to the more 
metallic nature of the former element. 
Thus, tellurium forms a definite tetra- 
iodidc, whereas selenium docs not; tel¬ 
lurium forms basic salts derived from the 
amphoteric oxide TcO,. Carbon ditcl- 
luridc and carbonyl telluridc are unknown. 

In its compounds with organic radicals, 
tellurium is uniformly divalent, e.g. 
Te(CH,)„ but the compounds often yield 
addition products, e.g. Te(CH,)„ Ilgl,. 

Tellurium bromides. (1) Tellurium dibro¬ 
mide, TeBr,. This is an unstable compound 
obtained by the action of powdered tellurium 
on the tetrabromide in ethereal solution. 

(2) Tellurium tetrabromide, TcBr 4 , forms 
red needles, D 4-3, M.P. 380° (circa), B.P. 
420° (circa). It is prepared by the action 
of an excess of bromine on tellurium. It 
yields many additional compounds, and 
gives tclluri-bromides, e.g. K,TeBr„ with 
alkali-metal bromides. 

Tellurium chlorides. (1 ) Tellurium dichlor¬ 
ide, TeCI,. This is obtained as an unstable 
solid, M.P. 175°-209°, B.P. 324°, by re¬ 
fluxing the tetrachloride with tellurium. 

(2) Tellurium tetrachloride, TeCl 4 . This 
is obtained as a colourless crystalline solid, 
M.P. 225°, B.P. 300°, by the prolonged 
action of chlorine on heated tellurium. It is 
readily hydrolysed by water, yields additional 
compounds with ammonia, e.g. TeCI 4 , 
GNH„ and gives with the alkali-metal 
chlorides the telluri-chlorides, e.g. K,TeCl 4 . 

Tellurium cyanide, Te(CN),. This is an 
unstable compound obtained when tel¬ 
lurium tetrabromide and silver cyanide are 
brought together in benzene solution. 

Tellurium disulphide, TeS,. The reddish- 
brown precipitate formed by passing 
hydrogen sulphide into an acidified tellurite 
solution is probably TeS,. The existence 
of other sulphides, such as TeS and TeS,, 
is dubious. Molten tellurium and sulphur 
are miscible in all proportions. 

Tellurium fluorides. (1) Tellurium lelra- 
fliuoride, TeF 4 . A deliquescent solid, formed 
by the action of fluorine on tellurium. It 
is decomposed by water forming tellurous 
acid, and yields crystalline salts with alkali- 
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metal fluorides of the general formula MF, 

TC (2) Tellurium hexafluoride, TeF,. A 
colourless, stable, crystalline solid, M.P. 

_ 30°, B.P. - 35 5°, obtained by the action 
of fluorine on tellurium at - ‘78*. 

Tellurium nitrate (basic), Te,0,(0H)N0,, 
forms rhombic pyramids, and is prepared 
by the careful evaporation of a solution of 
the dioxide in nitric acid. 

Tellurium nitride, TeN or rc,N 4 . Th 
is obtained as a yellow, very explosive 
powder when liquid ammonia reacts witn 
a tellurium tctmhalide. 

Tellurium oxides. Four of these are 

Tellurium monoxide, TeO. This oxide is 
formed by the decomposition of tellurium 
sulphoxidc. It is a spongy black material, 
stated to have the properties of a mixture 
of tellurium dioxide and tellurium, but it 
instantly decolorizes permanganate, and is 
now considered to be a definite oxide. 

Tellurium dioxide, TeO,. This oxide is 
known in two forms. Crystals of the tetra¬ 
gonal system, D 5 60. arc obtained from 
the solution in nitric acid, whilst the molten 
oxide deposits rhombic needles, D 5 93. 
The oxide is formed by burning tellurium 
in air or oxygen, oxidizing tellurium with 
nitric acid, decomposing tellurites with 
acids, or by heating basic salts of tellurium. 
Unlike the sulphur and selenium analogues, 
it is scarcely soluble in cold water (1 in 
150,000). It is amphoteric; the aqueous 
solution contains tellurous acid, H,TcO„ 
whilst the oxide dissolves in hydrochloric 
acid to yield the tetrachloride. Aqueous 
solutions of the oxide in acids arc readily 
reduced to tellurium. 

Tritellurium heptoxide, Te,0,. Little is 
known of this oxide, which is obtained by 
dissolving tellurium dioxide in a solution 
of telluric acid, and evaporating. It is 
regarded as tellurium tellurate, 2TcO„ 

TeO,. ... 

Tellurium trioxide, TeO,. A yellow solid, 
D 51, obtained by the careful decomposition 
of telluric acid at 360°. It is insoluble in 
water, and in cold hydrochloric acid and 
cold aqueous alkali. It is an oxidizing 
agent, being readily reduced to the dioxide. 
With hot concentrated alkalis the tellurates 
arc formed. 

Tellurium oxyfluorides. The system 
TeO, — HF — H,0 reveals the compounds 
TeF 4 , TeO,, H,0 ; TcF 4 , TeO., 2H.O ; and 
2TeF 4 , 3TcO„ 6H,0. 

Tellurium perchlorate, 2TeO„ HC10 4 , 
forms colourless hexagonal crystals, and is 
obtained by dissolving tellurium dioxide in 
hot concentrated perchloric acid.- 


Tellurium sulphate,. These are cum- 
pounds of variable composition, e.g. 2 ieu„ 

SO,, obtained by dissolving tellurium 
dioxide in dilute sulphuric acid. 

Tellurium sulphoxide, TeSO,. A cherry- 
red solid, formed by adding powdered 
tellurium to sulphur trioxide, and observed 
in solution when tellurium dissolves in con¬ 
centrated sulphuric acid. 

Tellurium tetraiodide, Tel 4 . Forms black 

crystals, DJ‘ 5 05, which dissociate above 
100°. It is obtained by cautiously heating 
the powdered, well-mixed elements. Many 
additional compounds arc known, including 
the telluri-iodidcs, e.g. K t TeI,. 

Telluropentathionic acid, H,TeS t 0 4 . Only 
the sodium salt is known. 

Tellurous acid. H,TeO,. This is obtained 
as a flocculent white precipitate when a 
cold aqueous solution of an alkali tellurite 
(see Tellurites) is acidified with nitric acid. 

It is sufficiently soluble in water to impart 
an acid reaction to the solution, and more 
soluble in acids and alkalis than the 
dioxide. It loses water spontaneously in 
the atmosphere, leaving the dioxide. The 
tellurites are not all derived from the acid 
H,TeO„ but many of them appear to be 
salts of ditellurous acid, H,Te,0 4 , and 
tetratellurous acid, H,Te 4 O t . 

Tempering. Metals that have been 
hardened bv such treatment as quenching 
are tempered. Tempering increases duc¬ 
tility and mechanical strength but is carried 
out at low temperatures so that the material 
loses very little in hardness. Tool steel is 
tempered to give it the requisite strength 
as it is initially very brittle. The amount 
of tempering depends on the temperature 
used, which again depends on what the 
steel is to be used for. The film of oxide on 
a clean surface being tempered gives rise 
by interference to the well-known temper 
colours, each particular colour denoting 
a definite temperature. 

Tenacity is that property which enables 
a substance to resist fracture under the 
action of tensile stress. It is expressed 
in tons per square inch of sectional area. 

Tennant, Smithson, was bom in 1761, 
and educated at Tadcaster and Beverley in 
Yorkshire. He studied chemistry under 
Black at Edinburgh, and visited Schccle in 
Sweden. In 1796 he proved that diamond is 
pure carbon ; in 1804 he discovered osmium 
and iridium; and in 1813 became professor 
of chemistry at Cambridge. He died in 
1815. Sec Thomson’s “ History," II, 
p. 233. 

Tennantite. See Tetrahedrite. 

Terbium, Tb. At. no. 65, At. wt. 159-2. 
One of the least abundant of the rare-earth 



Terebene 

elements. The metal has not been isolated. 
Ignition of the hydroxide, oxalate, or the 
sulphate yields an orange-brown oxide of 
the formula Tb.O, which, when very 
strongly heated or reduced in hydrogen, 
forms white sesquioxide, Tb,O a . Solutions 
of terbium salts with colourless anions show 
no absorption bands in the visible spectrum 
nnd the salts themselves (c.g. TbCI„ 611,0 
and Tb,(S0 4 )„ 8H,0) are colourless. 

Terebene. A mixture of terpene hydro¬ 
carbons obtained by the action of various 
acids on pinenc, which contains p-cynune, 
camphene, and tcrpinolene. 

It has B.P. 100M90 0 , d 0*862-0 870. 
Soluble in alcohol, almost insoluble in 
water. It has a pleasant characteristic 
odour nnd is used medicinally as an in- 
hnlent, an expectorant, a deodorant, and 
a mild antiseptic. 

Terpenes. In the strict sense terpenes arc 
volatile, aromatic hydrocarbons of the em¬ 
pirical formulu C 10 H„. In a wider sense the 
term includes sesquiterpenes, C 1S H, 4 , ditcr- 
pencs, C I0 II„, and higher polymers. In a 
still looser sense the term includes various 
oxygen-containing compounds derived from 
the terpene hydrocarbons, such as alcohols, 
ketones, and camphors. The terpenes are 
of great scientific and industrial importance, 
being characteristic products of many 
varieties of vegetable life nnd important 
constituents of most odorants, natural and 
synthetic, employed in perfumery. Many 
of them arc nlso of medical importance, such 
as the constituents of many eucalyptus oils, 
menthol, and camphor. Practically without 
exception the terpene hydrocarbons may be 
considered ns polymers of isoprene, C,H„ 
and may be either open-chain compounds or 
may contain one or more C, and other 
rings. They are chemically unsaturated, 
very reactive and in many eases form char¬ 
acteristic compounds. Most of them have 
highly characteristic and usually pleasant 
odours. They are usually obtained from 
vegetable products by steam distillation. 

1 : 8-Terpin, C l0 H, 0 O,. A divalent, mono- 
cyclic alcohol obtained to¬ 
gether with a-tcrpineol and 
other substances by the 
action of dilute alkali on 
frarw-dipentene dihydrochlor- 
ide, by the cyclization of 
linalool, geraniol, and nerol, 
and by various other reac¬ 
tions. It forms cis- and trans- 
isoinerides. eis-Terpin forms 
a hydrate which crystallizes 
from water in rhombic pyra¬ 
mids, melting at 116Ml7° 
with a loss of water, forming cu-terpin, 
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M.P. 104 o -105°. fraus-Terpin, which forms 
no hydrate, crystallizes in monoclinic prisms 
M.P. 158®-159’. 

Terpin hydrate has a similar physiological 
action to that of oil of turpentine, and is ad¬ 
ministered to relieve coughing in phthisis 
and chronic bronchitis. 

Terpinenes. The three isomers, a-, 0- nnd 
y-terpinenc, arc monocyclic terpenes, C I0 H 14 , 
which all yield the same dihydrochloridc of 
formula number (1). 


CH, 

CH, 

CC1 

i 

IfY^fCH. 

1 1 

h,c /N ch 

1 

H,C CH, 

II,C CH 

Yl 

1 

Y 

In 

CH 


Y\ 

H,C CH, 

H,C CII. 

(I) 

(2) 


a-Terpinene, C 10 II,„ formulu number (2). 
This is found in cardumom, marjoram, and 
coriander oils, from which it is separated as 
the nitrositc of M.P. 155°. It is also ob¬ 
tained os the main constituent of the 
product obtained by treating linalool and 
geraniol with concentrated formic acid, also 
by treating a-pinenc with strong sulphuric 
acid or a-terpincol with oxalic acid. No 
method of complete purification is known, 
but the following constants have been 
recorded: B.P. 180°-182°, 0 8484, nif* 

1*48133. It smells of lemons. 

0-Terpinene, C I0 H„, formula number (8). 
Has not been found in nature. It has been 
prepared synthetically from sabinenc. It 
has the following constants : B.P. 178°-174° 
d” 0 838, n” 1*4754. 


r 

CH, 

H,C CH, 

hY^CH 

H.d: <!:h 

HC CH, 

Y 

Y 

<^H 

d:H 

Y\ 

H,C CH, 

HjC^CH, 

(3) 

(4) 


y-Terpinene, C 10 H„, formula number (4). 
A monocyclic terpene found in coriander, 
lemon, cumin, ajowan, and samphire oils. 
It also occurs, together with a-terpinene, 
in the mixture of hydrocarbons obtained by 


CH, 

COII 

Y\ 

H,C CH, 
H,C (b. 

Y 

<toH 

IlY^CH, 
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Terpinolene 


acting on tcrpin hydrate with weak sul¬ 
phuric acid or by treatment of pinene with 
an alcoholic solution of sulphuric acid. Its 
constants are: B.P. 183°/700 mm., dj s 


0-853, n‘ D w 1-4754. It forms a crystalline 
tetrabromide, M.P. 128°. 

Terpinenols. The terpinenols, C l0 H„O, are 
monocyclic alcohols derived from terpinene- 
terpin by the loss of one molecule of water. 

Terpinen-l-ol,C lo H, g O, formula number (5). 
This alcohol occurs in the low-boiling fraction 
of commercial terpineol. It is an oil of B.P. 
208°-210°, d'• 0 0265, n" 1-4781. 


r 

COH 

II, !'H, 
H,C in 

Y 

in 

H,C //N in, 

(5) 


CH, 

i 

H.Y^ICH 
SLC ^H, 

Yh 

H,C CH, 
( 6 ) 


Terpinen-4-ol,C, B H u O. formula number(6). 
An optically active alcohol, the d-form of 
which is found in Ceylon cardamom oil, 
marjoram oil, cypress oil, und nutmeg oil. 

The racemic form is obtained by the 
action of dilute mineral acids or of formic 
acid on sabinene. Its smell resembles that 
of a-terpincol. 

d-Terpincn-4-ol has the constants B.P. 
209°-212°, d lt 0-9265, n l p l-4785,(aJ D + 25 2 e . 
The constants of the racemic form arc B.P. 
212°-214°, dO 920, n D 1-4803. 

Tcrpinen-4-ol yields a naphthylurcthanc 
of M.P. 104°-105°. 

Terpineols, C 10 II 17 OH. The terpincols arc 
monocyclic terpene alcohols obtained by the 
dehydration of terpin. Theoretically four 
isomeric alcohols can thus be obtained, of 
which three are known, namely a-, /?-, and 
y-terpineols. 

a-Terpineol, C 10 H 17 OH, formula number 
(7). An optically active alcohol. Thcd-form 
is found in petit-grain, ncroli, and other oils, 
the /-form in camphor oils, and the racemic 
form in cajuput oil. a-Terpineol is widely 
used in the perfumery industry, and is most 
conveniently prepared by the dehydration 
of terpin. It can also be prepared directly 
by the action of sulphuric acid in acetic 
acid or alcoholic solution on turpentine oil. 
By all these technical processes a mixture 
of isomers is obtained from which a- and 
^-terpineols can be separated by fractional 
distillation. d-a-Terpineol gives the follow¬ 
ing constants: M.P. 38°-40°, B.P. 219°- 


221°. d“ 0-938, n' D * 1-4832, [*]„ + 


959°. 

It yields a phonyiurcthanc of M.P. 109-5°, 
the racemic form of which melts at 113°. 
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II,C CII 
H,C CH. 

Y 
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H.Y^CH, 
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COH 

hY^CH. 
H.C CII, 

Yh 

II,C CII, 
(8) 


0 -Terpineol,C lo II l7 OH, formula number (8). 
This substance has not been found in nature. 
It is obtained from commercial terpineol, 
as described under a-tcrpineol. It has the 
following constants: M.P. 32°-33°, B.P. 
209°-210®/752 mm., dj 0 919, n” 1-4747. 
It yields a phenylurethanc of M.P. 85°. 
It smells strongly of hyacinths. 


CH, 

CH, 

COH 

i • Br 

11,cY CH, 

■ 1 

11 Y^ bH, 

1 1 

H.C CH, 

II.C CII, 

y 

Y„ r 



y\ 

/\ 

HjC CII, 

II,C CH 

(0) 

(10) 


y-Terpineol,C„,lI„OH, formula number(O) 
It is doubtful whether this substance occurs 
in nature. It was originally prepared by 
the reduction of 1:4: 8-tribromo-p-men- 
thane, formula number (10). y-Terpincol 
crystallizes from ether in thick prisms of 
M.P. 68°-70°, and forms a dibromide of 
M.P. 114°-115\ 

Terpinolene, C I0 H„. A monocyclic ter¬ 
pene, which is found os a 
constituent of terebene which 
is in turn obtained by the 
action of acids on pinene. 

It is also formed by the 
action of dilute acids on 
terpin, a-terpineol, and other 
similar compounds. It forms 
a crystalline tetrabromide of 
M.P. 116°. It is doubtful 
whether it has been obtained 
in a pure state. The follow¬ 
ing constants are recorded: 

B.P. 67°-G8°/10 mm., d-° 0-854, n D 1-484. 


CH, 

i 

/\ 

II 2 C CH 

-t 

C 


U 


c 

/\ 

H,C CH, 
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Mineral acids convert it into its isomer 
terpinene. 

Testosterone, C„H u O a . 

H oh 

L l U 
V V 

Crystallizes in needles from acetone, M.P. 
154°, [<x] D + 109° in alcohol. It can bo 
obtained from testes, and has also been 
prepared from cholesterol. Testosterone 
has very powerful male sex hormone 
activity, and is probably the true male 
hormone, androstcrone and other related 
substances being degradation products. 

Test screens. For the purpose of securing 
n size analysis of a sample test screens are 
used. These usually consist of a nest of 
small circular screens fitting on top of each 
other with the coarsest at the top and the 
finest at the bottom. The sample is placed 
in the topmost screen and the whole 
assembly subjected to vibration for a 
standard time. The weight of the fractions 
remaining on the surface of each screen then 
gives the proportions of the sample lying 
between certain limits of size. 

Different systems of screens arc available, 
including the Tyler, Institute of Mining and 
Metallurgy (I.M.M.), and British and U.S. 
Standard screens. In all these series the 
screen sizes are designated by numbers, the 
mesh numbers of consecutive screens having 
a fixed relation to the size of the aperture. 

tym-Tetrachloroethane. Sec Acetylene 
tetrachloride. 

Tetrachloroethane, CC1,: CCI,. A liquid, 

F.P. — 22 35°, M.P. -10°, B.P. 121-2.° 
D° 1-050, n“ 1-502. It is non-inflammable 
and extensively used as an industrial 
solvent. The vapour is poisonous. Is 
used in doses of 1 millilitre as a vermifuge 
to expel hook worms and round worms. It 
is considered to be less toxic than carbon 
tetrachloride which is used for the same 
purpose. 

Tetrachlorophthalic an- Cl CO 
hydride, C 8 O a CI 4 . It crys- 
allizcs in prisms, M.P. 

255°-257°. It is insoluble Cl 
in cold water and spar¬ 
ingly soluble in ether. 

It sublimes on heating 

strongly. It is prepared by the direct 


Tetramethyl 



chlorination of phthalic anhydride in 50 %- 
60 % oleum in the presence of iodine, the 
temperature being raised from 50°-200° as 
the reaction proceeds. 

It is used instead of phthalic anhydride 
in the preparation of certain Eos in dyes 
(Phloxines, etc.) which arc bluer and brighter 
than those from unchlorinatcd inter¬ 
mediates. 

Tetragonal system. A term used to 
describe crystals which have three crystallo¬ 
graphic axes at right angles, two only of 
which arc of equal length. The essential 
symmetry characteristic of the system is 
the four-fold axis (taken as the c axis), 
but further symmetry elements may be 
present up to a maximum of four two-fold 
axes and five planes of symmetry. 
PIxamples of compounds crystallizing in 
the tetragonal system nrc rutile, zircon, 
and calcium carbide. Sec also Crystal 
symmetry. 

Tetrahednte, Cu a SbS a , Sulphnntimoniutc 
of copper. It is also known as fahl ore ; it 
crystallizes in the cubic system in tetra- 
hedra, the edges often bevelled by (211], 
Hardness 3J, sp. gr. 4-7. Steel-grey crystals 
with a metallic lustre. This is a common 
copper ore of variable composition, arsenic 
replacing part of the antimony, and iron, 
zinc, or other metals replacing part of the 
copper. When the antimony is entirely 
replaced by arsenic the mineral is called 
tennantite. Tetrahcdritc is found in 
Switzerland, Cornwall, Hungary, and else¬ 
where. 

Tetrakisazo-dyestuffs. Sec also Azo-dye¬ 
stuffs and Direct cotton-dyestuffs. Most of 
these dycstufTs arc produced directly on the 
fibre by the diazotization and development 
of the material dyed with some substantive 
cotton dye containing two diazotizablc 
amino-groups (Bcnzo brown G, etc.). 

Tetralin, tetrahydronaphthalene, C 10 H„. 
A colourless liquid, B.P. 207-3°, D* 7 0-9738 ; 
n'J 1-54529. It is obtained 
by the catalytic hydrogena- H a 

tion of naphthalene. Owing /C\ 

to the presence of one aro- H,C 
matic ring it can be nitrated 
and sulphonated. It is non- H,C 
toxic and is very largely used \c/\/ 
as a solvent for fats, oils, and H t 

resins. 

Tetramethyldiaminobenzhydrol. Sc 
Michlcr’s hydrol. 

Tetramethyldiaminobenzophenone. Se 
Michler’s ketone. 

Tetramethyldiaminodiphenylmethane. Se» 

Methane base. 

2 : 2 : 6 : 6 Tetramethyl-y-piperidone 
Triacetoneamine. 


Se 
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Tetranitromethane, C(NO,)«, is a colour- 
less liquid, M.P. 12-5", B.P. 125-7- In- 
soluble in water; miscible with alcohol 
and ether. Prepared by heating nitro¬ 
benzene with a mixture of nitric and fuming 
sulphuric acids. Decomposed by alcoholic 
solutions of potassium hydroxide to mtro- 
form. Reacts with alcohols in presence 
of alkali to give the nitrate of the alcohol. 
Gives a yellow colour with derivatives of 
cyclopropane and unsaturated compounds. 
Used as a test for unsaturation. 

TetrateUurous acid. See Tellurous acid. 

Tetrathionic acid. See Polythionic acids. 

Tetrazo-dyes. See also Azo-dyestuffs and 
Direct cotton dyes. These arc the most 
important direct cotton colours, and are 
derived from diamines with the two amino- 
groups generally in different nuclei, but 
occasionally in the some nucleus. Among 
the diamines which produce direct cotton 
dyes certain regularities can be seen : (1) if 
the amino-groups arc in different nuclei 
they must be para- to the point of juncture 
of the two nuclei or to the ends of the chain 
connecting the nuclei; (2) this chain must 
be unsaturated or contain an atom with 
residual affinity; (3) with derivatives of 
diphenyl, the ortho-position to the joining 
bond or chain must be free or part of a ring ; 
(4) if the amino-groups arc in the same 
nucleus, they must be para- or, in the case 
of naphthalene, 1 : 5 or para- to one another. 

The actual preparation of a disazo-dye- 
stuff from a diamine is brought about by 
treating the diamine with nitrous acid and 
converting into the tetrazo-salt. The dif¬ 
ference between the formation of the azo¬ 
compound and the disazo-compound is that 
in the case of the latter two molecules of the 
amine or phenol (as second component) have 
to be employed. Typical examples are: 
Congo red, Congo Corinth. 

Tetrose. A carbohydrate with four car¬ 
bon atoms. There are four aldotctroscs, 
the two stereoisomers of erythrose and 
threose, and two possible keto-tetroses. 

Tetryl. trinitrophenylmethylnitramiiie, 

c,h,o,n 5 . 


NO. 


O.N 



O, 


■NO, 


H, 


Crystallizes from alcohol in pale yellow 
prisms, M.P. 13lM32°. It explodes at about 
186°. Soluble in acetone, sparingly soluble 
in methyl alcohol. It is obtained by the 
nitration of mono- or dimethylaniline. 
It is used as an explosive, generally as a 
mixture with trinitrotoluene (T.N.T.). 

Thallium, Tl. At. no. 81, At. wt. 204-39. 
Thallium occurs as a major constituent in a 


few minerals, such as Crookesitc, which is 
a selenide of thallium, copper, and silver. 

In small quantities it is widely distributed 
in minerals and rocks, and occurs in certain 
mineral waters, as well as in the vegetable 
kingdom. The element was discovered as 
the result of the spectroscopic examination 
of selenium residues from a sulphuric acid 
plant (Crookes, 1801). It is soft, and of 
metallic appearance, resembling lead closely. 
Its density is 11 85 at 20°. The element 
exists in two modifications, the first of 
which (a-form) is stable below 232°, and has 
the hexagonal close-packed structure, a = 
3-45, e = 5-52 a., while the variety stable 
at higher temperature has the face-centred 
cubic structure a = 4-84 a. The melting- 
point is 302° and the boiling-point is 1402°. 
The most prominent line in the spectrum of 
thallium is in the green at 5350-7 a. It was 
the observation of this line which resulted 
in the discovery of the element by Crookes. 
Commercial thallium usually contains small 
amounts of lead, tin, copper, und aluminium. 
The commercial source is the flue dust or 
chamber deposit from sulphuric acid plants 
in which thalliferous iron pyrites is utilized. 

Thallium docs not combine with hydrogen. 
The metal oxidizes slowly in air at room 
temperature. When it is heated in oxygen 
thallous oxide, Tl x O, or thallic oxide, Tl t O„ 
is formed. The metal reacts directly with 
the halogens, sulphur, selenium, tellurium, 
phosphorus, arsenic, or antimony. It dis¬ 
solves slowly in hydrochloric acid, more 
rapidly in sulphuric acid, and very readily 
in nitric acid. Thallium forms two main 
series of salts : the thallous salts, in which 
it is monovalent, and the thallic salts, in 
which it is trivalcnt. The soluble thallous 
salts resemble salts of the alkali metals, 
while certain insoluble thallous suits resemble 
those of lead and monovalent mercury. 
The thallic salts resemble salts of aluminium. 
Thallium is used in the manufacture of 
special optical glass. 

Thallium acetate, CH, • COOTI, is ad¬ 
ministered as a cure for ringworm in young 
children. A single carefully graded dose is 
given by the mouth, and this causes the 
diseased hair to fall out and new hair to 
grow in a few weeks* time. As thallium salts 
are very poisonous, great care is necessary 
in this treatment, particularly in regard to 
the age of the patient, as the sensitivity 
to thallium increases as the child gets 
older. 

Th alli um chlorides, Thallous chloride, T1CI. 
A white crystalline solid (M.P. 426°, B.P. 
circa 720°), which is precipitated on adding 
hydrochloric acid to a solution of a thallous 
salt. It is sparingly soluble in cold water 
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(2-4 gm. per litre at 10°). but dissolves readily 
m hot water. Thallous chloride, bromide 
and iodide bear a close resemblance to the 
corresponding lead salts, both in apiicarancc 
and in physical properties. 

Thallic chloride, T1CI„ 411,0. This 
hydrate is a colourless crystalline solid 
which is obtained by suspending thallous 
chloride in water, passing chlorine until 
solution is complete, evaporating below 60 ° 
and crystallizing. It forms a monohydrate 
at 55°. The anhydrous salt is obtained by 
dehydration of the tetrahydrate at room 
temperature over sulphuric acid. It is very 
hygroscopic, and is decomposed with 
evolution of chlorine when it is heated to 
100°. The anhydrous salt is soluble in 
alcohol and ether. 

Thallium chromate, Thallous chromate, 
TICrO,. A yellow crystalline powder, 
sparingly soluble in water, which is pre¬ 
cipitated by the adding of potassium 
chromate solution to a solution containing 
a thallous salt. 

Thallium, detection of. Thallous sails arc 
colourless, and give a white precipitate of 
thallous chloride on addition to their solu¬ 
tions of a soluble chloride. Yellow thallous 
iodide is precipitated by potassium iodide 
solution. Ammonium sulphide precipitates 
brown thallous sulphide. Yellow thallous 
chromate is precipitated in neutral or 
ammoniacal solution by the addition of 
potassium chromate. Thallic salts give a 
brown precipitate of thallic hydroxide on 
the addition of ammonium or sodium 
hydroxide. It does not dissolve in excess 
of cither reagent. Potnssium iodide yields 
a precipitate of thallous iodide together with 
free iodine. Thallium compounds colour 
the Hunscn flame green, and a green line 
at 5350-7 a. is prominent in the flame 
spectrum. 

Thallium fluoride, Thallous fluoride, TIF. 
A colourless solid, which is readily soluble 
in water, from which it crystallizes in 
regular octahcdra. It may be prepared by 
dissolving thallous hydroxide in dilute 
hydrofluoric acid, evaporating and crystal¬ 
lizing the residue. It forms an acid fluoride 
TIF, IIF, which is stable up to 100 °. 

Thallium hydroxides, Thallous hydroxide, 
TIOII. A strongly basic substance, which 
may be prepared by decomposing thallous 
sulphate with barium hydroxide solution. 
It crystallizes from aqueous solutions in the 
form of yellow needles. It is readily soluble 
in water (352-7 gm. per litre of saturated 
aqueous solution at 20 e ) and in alcohol. 
The aqueous solution has a strongly alkaline 
reaction, and will precipitate the insoluble 
hydroxides of many metals. The aqueous 
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solution absorbs carbon dioxide readily to 
form thallous carbonate. 

Thallic hydroxide, Tl(OII),. A reddish- 
brown solid, which is insoluble in water, 
and is formed by adding an alkali hydroxide 
or ammonia to a solution containing a 
thallic salt. When heated to 120 ° it forms 
thallic oxide. 

Thallium nitrate, Thallous nitrate, T 1 NO,. 
Formed by dissolving thallium or thallous 
hydroxide or carbonate in nitric acid, and 
crystallizing. It forms orthorhombic prisms 
which change to a rliombohedral form at 
72-8°. This in turn changes at 142-5° to 
a cubic modification, which melts at 205 °. 
Ihe nitrate decomposes when heated above 
300 . Thallic nitrate is also known. 

Thallium oxides, Thallous oxide, TI.O. A 
black powder, formed by the oxidation of 
tha hum in air at about 350°, or by heating 
thallous hydroxide to 100 °. It reacts with 
acids to form thallous salts and also absorbs 
water very readily to yield thallous 
hydroxide. 

Thallic oxide, Tl t O,. Thallic oxide is 
formed by ignition of thallium in air at a 
red heat, by dehydrating thallic hydroxide, 
or by heating thallous nitrate. The colour 
vanes from black to brown, according to the 
mode of preparation, and the oxide may be 
obtained under certain conditions as a 
crystalline material. It is reduced to 
thallium by hydrogen or carbon monoxide 
at a red heat. It is insoluble in water or 
alkalis, but is attacked by hydrochloric acid 
with liberation of some chlorine, and by hot 
concentrated sulphuric acid with formation 
of thallous sulphate and oxygen. Thallic 
oxide is decomposed above 800 ° into thallous 
oxide and oxygen. 

Thallium sulphates, Thallous sulphate, 
TI,S0 4 . Prepared by dissolving thallium 
in hot concentrated sulphuric acid, or by 
neutralizing thallous hydroxide with dilute 
sulphuric acid and crystallizing. It crystal¬ 
lizes in rhombic prisms, which arc iso- 
morphous with potassium sulphate. Thal¬ 
lous sulphate is known to form many double 
sulphates, and with the sulphates of tcr- 
valcnt aluminium, chromium, iron, vana¬ 
dium, gallium, and rhodium it yields well- 
defined alums. Its solubility in water at 
20° is 4-87 gm. per 100 gm. of water. 

Thallic sulphate, TI,(S0 4 ),. The exist¬ 
ence of anhydrous thallic sulphate is some¬ 
what uncertain. An acid sulphate, 

T1,(S0 4 )„ H,S0 4 , 8 H t O, 

crystallizes from a solution of thallic hy¬ 
droxide in concentrated sulphuric acid. 
Basic sulphates have also been prepared. 
Solutions containing thallic sulphate are 
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hydrolysed very readily by water with pre¬ 
cipitation of thallic hydroxide. 

Thallium sulphides, Thallous sulphide, 
TI,S A bluish-black crystalline solid which 
is precipitated by hydrogen sulphide from 
slightly acid solutions of thallous salts. It 
is insoluble in ammonium sulphide or 
alkalis, but dissolves readily in dilute 
mineral acids. The moist sulphide is 
rapidly oxidized on exposure to air. 

Thallic sulphide, Tl t S,. A hard black 
solid which is formed by fusing thallium 
with excess of sulphur, and removing excess 
of the latter by distillation. Solutions of 
thallic salts when treated with hydrogen 
sulphide do not yield thallic sulphide, but 
a mixture of thallous sulphide and sulphur. 
Tl.S, is soluble in warm dilute sulphuric 
acid, hydrogen sulphide being evolved. 

Thebaine, C lt H u O,N. One of the alka- 

CH 


1 J 



loids of opium. It crystallizes in plates 
from aqueous alcohol, and prisms from 
anhydrous alcohol, M.P. 193*. Soluble in 
alcohol, insoluble in water. Lrcvorotntory. 
It is a violent tetanic poison. 

Theelin. See (Estrone. 

Theelol. See (Estriol. 

Theine. Sec Caffeine. 

Thenard, Louis Jacques, was bom in 1777 
and studied chemistry under Vauquelin and 
Berthollet. He became a professor at the 
College dc France and worked with Gay- 
Lussac on the preparation of potassium and 
sodium. He discovered hydrogen peroxide 
and hydrogen persulphide and investigated 
catalysis, fermentation, and many organic 
substances. He was ennobled by Charles X 
in 1824, and died in 1856. 

Thenard’s blue. A blue material pro¬ 
duced on igniting aluminium trioxide with 
cobalt nitrate, and consisting of cobalt 
aluminate, CoAl a 0 4 . This compound is 
produced in the test for aluminium in 
blowpipe analysis, when aluminium oxide 


is moistened with a solution of cobalt 
nitrate and ignited on a charcoal block. 
Theobromine, or xantheosc, C 7 H 8 0 2 N 4 , is 


CH, 


NH—CO 


3 :7-dimcthylxantliine, an alkaloid ob¬ 
tained from cacao seeds or prepared synthet¬ 
ically. Constitutionally it is similar to 
caffeine, being an extremely weak base. It 
is sparingly soluble in water, in alcohol, and 
in ether. but forms soluble compounds with 
alkali hydroxides which, however, arc de¬ 
composed by carbon dioxide. It is usually 
administered as the sodium compound 
combined with either sodium acetate or 
sodium salicylate, and is employed almost 
entirely as a diuretic. Physiologically theo¬ 
bromine resembles caffeine, but its effect on 
the central nervous system is less while its 
action on the kidneys and heart is more 
pronounced. 

Theocine. Sec Theophylline. 

Theophylline, or Theocine, C 7 H,0,N 4 . is 


CH, . N—CO 


CH..UL 


o e —nii 
^cii 

N 


1 :3-dimcthylxanthinc, and occurs to a 
small extent in tea, but is chiefly prepared 
synthetically. Like caffeine and theo¬ 
bromine, it is a very weak base which forms 
water-soluble compounds with alkalis. It 
is a more effective diuretic than theobromine, 
but is somewhat irritant to the stomach. 
It is usually administered in combination 
with sodium acetate or cthylencdiamine. 

Theoretical or Ideal plate. A theoretical 
plate in a distillation column fulfils the 
condition that the vapour rising front the 
plate is in equilibrium with the liquid 
leaving the plate. This condition is never 
attained in practice. 

Thermite. The name given to a mixture 
of powdered aluminium and a metallic 
oxide, generally ferric oxide. If thermite 
is ignited by a fuse such as a piece of 
magnesium ribbon it becomes incandescent, 
the chemical reaction proceeding very 
rapidly with great evolution of heat, the 
temperature rising to about 3,500'. The 
reaction is 

Fe.O, + 2A1 — Al t 0 3 + 2I*e. 

The reaction under the name of the 
thermite process finds extensive use in 
welding broken castings, tram lines, etc. 
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Thermite mixtures of varying compositions 
are used in incendiary bombs. 

Thermochemistry. All chemical reactions 
occur with the absorption or evolution of 
heat. That branch of chemistry concerned 
with the heat changes accompanying re¬ 
actions is called thermochemistry. 

Thermodynamics. First law of.' The first 
law of thermodynamics is the logical conse¬ 
quence of the law of the conservation of 
energy, and states that mechanical energy 
and heat energy arc quantitatively intercon¬ 
vertible. The validity of the law was tested 
by Joule (1813-1880), who showed that 

E =. JQ, 

where E is .the work done in producing a 
quantity of heat Q, while J is a constant, 
known as Joule’s Equivalent, and equal to 
418 x 10 7 ergs per caloric at 15’. 

Thermodynamics, Second law of. This 
states that “ It is impossible for a self¬ 
acting machine, unaided by any external 
agency, to transfer heat from a body at a 
low to one at a higher temperature,” or 
alternatively, ” Heat cannot of itself pass 
from a colder to a warmer body.” This 
means that if heat is to be transferred from 
a colder to a warmer body, work must be 
done by some external agency. 

Thermodynamics, Third law of. Einstein 
(1007) predicted that the specific heats of 
all substances would approach zero at the 
absolute zero of temperature, and shortly 
afterwards Planck (1912) concluded that 
the entropy of pure solids or liquids ap¬ 
proached zero at the same temperature. 
The statement that " the entropy of every 
pure crystalline substance is zero at absolute 
zero ” is often called the third law of thermo¬ 
dynamics, and is a general statement which 
includes the Ncmst Heat Theorem as a 
special case. 

Thermoplastics. Materials derived from 
resins which do not undergo further poly¬ 
merization on heating. Thermoplastic 
resins arc usually soluble in organic solvents : 
the materials are fabricated by injection, 
by compression moulding using some form 
of heating and cooling cycle, by casting 
from solution, and by extrusion. 

Thermoprenes. Rubber isomers (g.t».), 
made by heating rubber with sulphuric 
acid, sulphonic acids, or sulphonyl chlorides. 

Thermosetting plastics. Materials de¬ 
rived from resins which have the properties 
o becoming insoluble and infusible on 
continued heating. Thermosetting pro¬ 
perties are associated with the formation 
of a three-dimensional polymeric structure. 
Thermosetting materials are usually fabri¬ 
cated by methods which involve heating, 


generally under pressure, for a time sulfi- 
cient to cure the resin, c.g. compression 
moulding, transfer moulding and extrusion 
in a special press. 

Thiamin. Sec Ancurin. 

Thiazole ring. The ring is 
numbered as shown. 

Thickening. A method of in¬ 
creasing the solid content of a 
suspension by sedimentation, the 
supernatant liquor being removed, 
leaving the solids originally contained in 
the suspension with a reduced quantity of 
the liquid medium. 

Thief sampling. A method of sampling 
liquids by the use of a tube tapering to a jet 
at one end. The tube, with the upper end 
closed, is lowered into the liquid to the 
depth at which it is required to take a 
sample, liquid is allowed to How in by tem¬ 
porarily opening the upper orifice, and the 
tube and liquid arc then withdrawn. 

Thiele, Johannes (1805-1018), professor 
in Munich and Strosburg, is best known for 
his theory of partial valencies and the con¬ 
stitution of benzene, discussed in 1800 and 
subsequent years. 

Thienyl ring, 






The ring system is numbered as shown. 

Thioantimoniates. Sec Antimony trisul- 
phidc and Antimony pentosulphidc. 

Thioarsenates and Thioarsenites. Sec 
Arsenic sulphides. 

Thiocarbamide. See Thiourea. 

Thiocarbanilide, C.jHj.N.S. 

^ >-NH • CS • NH— ) > 

Colourless flakes, M.P. 151°. Easily soluble 
in alcohol. Prepared by boiling aniline 
with carbon disulphide. It is used com¬ 
mercially as a rubber acclcrator. 

Thiocarbonic acid, H,CS,. The parent 
acid of the thiocarbonatcs. Sodium thio- 
carbonate, Na,CS,. is formed by shaking 
carbon disulphide with a concentrated 
solution of sodium sulphide. Yellow solu¬ 
tions of ammonium thiocarbonate are 
formed on allowing carbon disulphide and 
concentrated ammonia to remain in contact 
for several days. The most stable thio- 
carbonatc, BaCS„ is prepared by the 
action of CS, on a solution of Ba(HS),. 
The free acid, H,CS„ or a mixture of it 
with perthiocarbonic acid, H,CS 4 , separates 
as a yellow-red oil on acidifying a thio- 
carbonatc. Thiocarbonatcs arc used in 
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destroying the fungus phylloxera , which 
occurs on vines. The latter are sprayed 
with a solution of sodium thiocarbonate, 
which is slowly decomposed by atmospheric 
carbon dioxide with formation of carbon 
disulphide. Carbon disulphide is the actual 
fungicide. 

Thiochrome, C lf H, 4 ON 4 S. 

N N S 

CH, S <! /S C /N fc-CH, • CH.OH 
ll i N- H —CH, 

YhYh. 

The colouring matter of yeast. It can be 
extracted from yeast, prepared by oxidizing 
vitamin-#,, or synthesized. It crystallizes 
in yellow prisms, M.P. 227°-228°, soluble in 
methyl alcohol, fairly soluble in water. It 
gives an intense blue lluorcscence in neutral 
or alkaline solution. 

Thioglycollic acid, HS • CH, • COOH. 
When pure it is a colourless liquid with a 
faint odour; the odour of the impure 
material is penetrating and unpleasant. 
B.P. 128°/29 mm. ; D J ® 1-325. Obtained 
by electrolytic reduction of the dithio- 
glycollic ucid formed by the action of 
sodium hydrosulphidc on chloroacetic acid. 
It oxidizes readily in the air and is very 
rcuctivc. It adds on the double bonds 
of unsaturated compounds and has been 
used ns a test for unsaturntion. The 
hydrogen of the —SII group is replaceable 
by inctuls. It is an important constituent of 
the cold process for waving hair. It is also 
used as a test for iron, giving a purple colour 
with aminoniacal solutions of iron salts. 

Thiokol. A thioplast (q. v.) made by 
interacting ethylene dichloride and sodium 
polysulphide. Thiokol and Thiokol-rubber 
mixtures can be vulcanized by heating with 
zinc oxide without addition of sulphur. 
The material is oil-resistant. The chief 
disadvantage of Thiokol is its unpleasant 
smell, but this can be improved by suitable 
treatment. 

Thionyl chloride, SOC1,. A colourless 
liquid of B.P. 78° obtained by treating dry 
sulphur dioxide or sodium sulphite with 
phosphorus pentachloride, PCI,. It is 
decomposed by water to form hydro¬ 
chloric and sulphurous acids. 

Thiophen, C 4 II 4 S. A colourless liquid 
with a faint odour resembling .. „ 

that of benzene, M.P. 29 8°; , , {P) 

B.P. 84°; D !0 1-0017; n“ 

1-5246. Itoccurs to the extent c'H CH (a) 
of about 0-5 % in commercial \c/ 
benzene and is prepared by 
heating sodium succinate with phosphorus 
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pcntasulphide. It can be nitrated, sul- 
phonated, and brominated, and gives rise 
to two series of monosubstituted deriva¬ 
tives (a and p) according to which of 
the hydrogen atoms is replaced. It gives 
a blue colour (indophenin) with isatin and 
sulphuric acid, and forms an insoluble 
compound with mercuric acetate. In deriv¬ 
atives the ring system shown is called the 
thienyl ring. 

Thioplasts. Synthetic, rubber - like 
materials prepared by interaction of dihalo- 
genated aliphatic compounds and metallic 
polysulphides. They can be made in bulk 
form or as emulsions. Many thioplasts are 
oil-resistant. See Thiokol, Pcrdurens. 

Thioselenic acid. Sec Selcnosulphuric 
acid. 

Thiosinamine. Sec Allylthiourcu. 

Thiostannic acid. Sec Tin sulphide. 

Thiosulphuric acid, H,S,0,. A dibasic 
acid the salts of which arc known as thio¬ 
sulphates. Sodium thiosulphute, Na,S,0„ 
511,0, is obtained by the action of finely 
divided sulphur upon sodium sulphite, 
Na,SO,. It is very commonly but wrongly 
called sodium hyposulphite, and is well 
known as a fixing agent in photography, as 
its solution dissolves silver chloride. Free 
thiosulphuric acid has not been isolated. 
Solutions of its salts arc immediately de¬ 
composed by ininerul acids with formation 
of SO, and a precipitate of free sulphur. 
They interact quantitatively with solutions 
of iodine to form sodium tetruthionate 
according to the equation 

2Na,S,O a + I, ■ Na,S,0 4 + 2NaI. 

This is one of the most important reactions 
used in volumetric analysis. 

Thiourea, Thiocarbamide, CH 4 N,S, forms 
colourless crystals, M.P. 172°. 

Soluble in hot water and *** 

alcohol; insoluble in ether. ‘ \>^|j 
Manufactured by the action 
of hydrogen sulphide on cyanamide. Ex¬ 
hibits the same type of isomerism as urea. 
Decomposed on heating with water to give 
ammonium thiocyanate; the action is re¬ 
versible. Properties similar to those of 
urea. 

Thixotropy. This peculiar type of gel-sol 
transformation is brought about by vigorous 
shaking or other mechanical means, and 
appears to be essentially a packing pheno¬ 
menon. Ferric hydroxide gels arc thixo¬ 
tropic and on shaking form sols which 
immediately regelate when allowed to rest. 
Thixotropy is common with suspensions, 
such as clay or oil paints, and emulsions. 
The term is due to Freundlich. See Gel, 
Rhcopcxy. 
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Thomas, Sidney Gilchrist (1850-1885). 
Born at Canonbury, London, Thomas served 
for a time as a police court clerk. Interested 
in chemistry, he took up the study at 
Birkbeck Institute. lie solved the problem 
of the separation of phosphorus from iron 
by the introduction of the basic lining into 
the Bessemer Converter. Sec “ Memoirs 
and Letters of Sidney Gilchrist Thomas ’* 
(Burnic). 

Thomsen, Hans Peter Jiirgen Julius 

(1826 - 1908). Born at Copenhagen, 
Thomsen was educated at the Von VVestcns 
Institute and the Polytechnic. In 1853 he 
patented a method of obtaining soda from 
cryolite, and in 1858 planned the present 
lurge factory at Oeresund for working up 
the mineral for soda and alumina. In 1860 
he was appointed professor of chemistry 
and Director of the Chemical Laboratory 
at the University, Copenhagen. His main re¬ 
searches lie in the field of thermochemistry. 
In 1883, with Bcrthclot, he was awarded the 
Davy Medal of the Royal Society. See 
Chem. Soc. Mem. Led., 1910. 

Thomson, Sir Joseph John (1850-1940). 
Born near Manchester, Thomson was edu¬ 
cated at Owens College and at Trinity 
College, Cambridge. From 1884 till 1918 
he was Cavendish professor of experimental 
physics at Cambridge. In 1908 he was ap¬ 
pointed Master of Trinity College. His 
brilliant researches were chiefly in the field 
of electricity ; he determined the masses and 
electrical charges of the electron and the 
proton, and the velocity of their flight. 
Elected F.R.S. in 1884, he was awarded the 
Nobel Prize for Physics in 1906, knighted 
in 1908, and created O.M. in 1912. 

Thomson, Thomas (1773-1852). Thomson 
was born at Crieff, Perthshire, and educated 
at Edinburgh, where he delivered lectures 
on chemistry from 1801 to 1811. After an 
interval in Ixmdon he became Regius 
Professor of Chemistry at Glasgow Univer¬ 
sity, retaining the chair until 1841. It was 
in his “ System of Chemistry,” 1807, that 
the principles of Dalton's atomic theory 
were first published. In addition to this 
work he published several textbooks, a 
44 History of Chemistry,” 1830-1831, and 
numerous original papers. 

Thomson, William. See Kelvin. 

Thorium, Th. At. no. 90, At. wt. 282 12. 
A radioactive element which occurs widely 
distributed in small amounts. The chief 
minerals are thorite, a silicate mineral, 
thorianite, which is largely composed of 
ThO„ and monazite, a phosphate of cerium 
and lanthanum containing up to 18 % of 
thoria, ThO*. The M.P. has been estimated 
as 1450° to 1750°. Thorium crystallizes in 


the cubic system with the cubic closc-packcd 
structure, a = 5 091 a. (for metal of ap¬ 
proximately 99-79 % purity). The metal is 
stable in dry air, but burns when heated to 
500®. It reacts with hydrogen or nitrogen 
at 600 ®, and is also attacked by the halogens 
and sulphur. With nitrogen the nitride 
Th,N 4 is produced. Thorium salts arc 
isolated from monazite by attacking the 
mineral with hot sulphuric acid, and sepa¬ 
rating the thorium as Impure phosphate by 
the addition of magnesia. Rare earths arc 
finally precipitated as oxalates from a hydro¬ 
chloric acid solution of the phosphate 
precipitate. 

Thorium, compounds ol. Thorium ab¬ 
sorbs hydrogen when heated in the gas, the 
product being an interstitial compound 
rather than a definite hydride. In its 
compounds the element is tctravalcnt. The 
oxide thoria, ThO„ is a white powder, and 
is obtained by igniting any thorium salt. 
It is commonly coloured yellow or brown 
by traces of rare-earth oxides. Thorium 
hydroxide, Th(OH) 4 , is precipitated by 
alkalis from solutions of thorium salts, and 
forms a white gelatinous precipitate, which 
yields the dioxide on ignition. Thorium 
tetrachloride, ThCl 4 , is a white crystalline 
solid which is formed in the dry way by 
the action of chlorine on a heated mixture 
of thoria and carbon. It forms hydrates 
with 8, 7, or 2 molecules of water of crys¬ 
tallization. Thorium sulphate is a white 
crystalline solid which may be isolated 
with 9, 8, 6, 5, 4, or 2 molecules of water 
of crystallization. All are soluble in water. 
Double sulphates such as Na,S0 4 , Th(S0 4 )„ 
6H a O arc also known. Commercial thorium 
nitrate has the formula Th(NO,) 4 , 4H,0. 
Thorium dioxide is used in the manufacture 
of incandescent gas mantles. Sec Gas 
mantle oxide. 

Thoron. See Emanation. 

Thorpe, Sir Jocelyn Field (1872-1040). 
Thorpe was educated at Worthing College, 
King's College (London), the Royal College 
of Science, and the University of Heidelberg. 
He was appointed lecturer in chemistry and 
biochemistry, Manchester (1908), Sorby 
Research Fellow of the Royal Society 
(1909), and professor of organic chemistry, 
Imperial College, London (1914). Author 
of many books and original papers, Thorpe 
was elected F.R.S. in 1908, and created 
C.B.E. in 1917. He was awarded the 
Longstaff Medal in 1921 and the Davy 
Medal in 1922. See J. Chem. Soc., 1941, 
444. 

Thorpe, Sir Thomas Edward (1845-1925). 
Bom at Harpurhey, near Manchester,Thorpe 
was educated at Manchester Diocesan 
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School and Owens College. Later he worked 
under Roscoe. Bunsen (Heidelberg), and 
Kckute (Bonn). He was appointed to the 
Chair of Chemistry. Andcrsonian College, 
Glasgow (1870). Leeds (1874). Royal College 
of Science. London (1885). In 1894 he 
became Director of the Government La¬ 
boratories. and in 1909 professor of general 
chemistry at the Imperial College of Science 
and Technology. Author of numerous 
books, he made a study of the elements 
vanadium and gold, and of the compounds 
of fluorine. He was elected F.R.S. in 1876, 
created C.B. in 1900. and knighted in 1909. 
See J. Chem. Soc., 1926, p. 1081. 

Threonine, a-Amino-0-hydroxy-n-butyric 
acid, C 4 H.O,N. An amino-acid, COOH 
discovered by Rose and his assoc¬ 
iates in America in 1935, as a 
hydrolysis product of certain pro¬ 
teins, in particular blood fibrin, 
and proved by them to be an 
essential amino-acid. Sec J. Biol. 

Chem., 112, p. 283. 115, p. 721, 116, p. 381. 

Threose, C 4 H,0 4 . 


CIINII, 

illOH 

^H, 


IIOCH 


OH H 

.J:—A_c 

i in 


HO 


A tetrose sugar. The D-form has been 
obtained crystalline, M.P. 120°-132®. It is 
very hygroscopic and soluble in water and 
alcohol. L-Thrcose has been obtained only 
in solution. 

Thrombin, thrombase. An enzyme which 
plays a part in the clotting of blood by 
converting the soluble protein fibrinogen to 
the insoluble fibrin. Thrombin is not 
normally present in the blood, but is formed 
from a precursor prothrombin or throm- 
bogen, according to one theory by the 
joint action of an activator, thrombokinasc, 
and ionized calcium. 

Through retorts. Used in the manufac¬ 
ture of coal gas. U-shaped with dimen¬ 
sions of 20-22 feet long and end section 
of 24" X 10". There arc 8-10 retorts in 
each arch. 

Thu jane, C I0 H,„ formula number (1). 
A dicyclic hydrocarbon obtained by the 
catalytic hydrogenation of a- and 0-thujene 
and sabinene, and by other reactions. 
d-Thujane only has been described, and is 
a colourless mobile oil with a faint smell, 
showing the constants B.P. 157°/758 nun., 
d -2 0-8139, nj? 1-4376, [<x] D + 02-03°. It 
forms no characteristic crystalline deriva¬ 
tives. 

a-Thujene, C, 0 H 14 , formula number (2). 
A dicyclic monoterpene, the d-form of which 


is present in the oil from the gum-oleo-resin 
of Boswellia serrata. It is formed, together 
with 0-thujenc, by distilling thujyl alcohol 
methyl xanthate or trimethyl thujyl am¬ 
monium hydroxide. a-Thujcne is a mobile 
oil with a rather penetrating smell, and 
shows the following constants: B.P. 151°, 
d? 0 8301, n*° 1 45155, [a) D + 37-7°. The 
compound obtained synthetically from 
d-thujyl alcohol is tevorotatory. 

/J-Thujene, C I0 H I4 , formula number (3). 
A dicyclic monoterpene obtained as de¬ 
scribed under a-thujcnc and also by the 
decomposition of the methyl xanthate of 
f-thujyl alcohol at 183° which results in the 
formation of d-/?-thujcne. It has the 
following constants: B.P. 147°/739 mm., 
d*° 0 8208, n** 1-4471, [aj D + 110 8°. The 
constitutional formula is uncertain. 


CH, CH, 



(3) (4) 


Thujone, C, 0 H, 4 O, formula number (4). 
This dicyclic ketone occurs in thuja, tansy, 
wormwood, and many other oils. It is a 
colourless oil the smell of which resembles 
that of menthol. It can be purified by 
means of its scmicarbazonc and shows the 
constants B.P. 201°-202°, dj 11 0 9193, 
nj, s 1-5401. The natural ketones differ in 
optical activity, and have been called 
a-thujone, which is lscvorotatory, and 
/J-thujone, which is dextrorotatory. The 
optical rotation varies widely with the 
method of preparation, and values have 
been obtained ranging from 


+ 74 3° to - 10 23°. 
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Inversion of tlic optical activity from + to 
— occurs on distillation of the dextrorota¬ 
tory form in steam. On oxidation with 
potassium permanganate thujonc forms 
a-thujnkctonic acid of M.I\ 75°-70*. When 
thujonc is dissolved in cold sulphuric acid 
it is converted into a mixture of stcreoiso- 
mcridcs, isothujonc of B.l\ 231 *-2.32° 
d*° 0 027, nl° 1-4822. 

Thujyl alcohol, C 10 II„O. A secondary 
dicyclic alcohol, also known 
as tanacctyl alcohol, found CH, 

both free and combined J 

with various acids in worm- * 11 

wood oil. It can also be j|<- c , [OII 
prepared by reducing thu¬ 
jonc with sodium and H,C \ CH, 
alcohol. Thujyl alcohol V/ 

can exist theoretically in C 
8 optically active and 4 I 

racemic forms. Both the J. 

natural alcohol and that u ^ t jj 
produced from thujonc arc 
mixtures of optical isomcridcs which have 
been partially separated. By reducing 
0-thujonc ((/-thujonc) from tansy oil and 
purifying the hydrogen phthnlatc of the 
alcohol so obtained, a (/-thujyl alcohol 
was obtained of B.P. 200. d>* 0 0229, 
nj* 1-4623, f«Ji> + 114-7°. By the reduc¬ 
tion of a-thujonc (/-thujonc) from thuja oil 
and purifying the alcohol so obtained by its 
hydrogen phthalatc an isomeric (/-thujyl 
alcohol was obtained of (<x] D + 50°. which 
has been named 6-thujyl alcohol. Various 
other forms of thujyl alcohol have been 
obtained by various methods of purification 
of the crude compound, including a crystal¬ 
line /-thujyl alcohol of M.P.28*, I«J D — 9-12®. 
Thujyl ulcohol is a somewhat viscous oil, 
the constants of which vary considerably 
according to the method of preparation, as 
indicated above. 

Thulium, Tm. At. no. 69, At. wt. 109-4. 
One of the less abundant of the rare-earth 
elements, which occurs in many of the rare- 
earth minerals, c.g. in monazitc, gadolinite, 
and samarskite. Its separation is achieved 
by the laborious methods of fractional 
crystallization, fractional precipitation, etc., 
which arc employed for these elements (see 
Rare earths). Metallic thulium has not yet 
been isolated, and its salts arc available 
only in very small quantities. They have 
no commercial value. 

Thulium is a trivalcnt element. The 
oxide , Tm 2 0,, is a greenish-white paramag¬ 
netic powder, which is formed by ignition 
of the oxalate. It is soluble in mineral 
acids, giving green solutions containing 
thulium salts. The hydroxide, Tm(OH)„ is 
green, and is precipitated by ammonia from 


solutions of thulium salts. The hydrated 
chloride, TmCl,, 711,0, is green, and when 
heated in hydrogen chloride at 100 - 200 ° 
gives the anhydrous salt TmCI, (M.I\ 800°). 
It is readily hydrolysed, and occupies in this 
respect a |x»sition intermediate between 
yttrium and samarium. The oxalate, 
Tm,(C,0 4 ), t 0iI,O, is precipitated by oxalic 
acid from weakly acid solutions of thulium 
salts. The bromate, Tm(BrO,)„ 911,0, forms 
blue-green hexagonal prisms. Its solubility 
is intermediate between those of the 
bromates of erbium and yttrium. The 
sulphate is known us the octuhydrntc, 
Tm,(S0 4 )„ 811,0, and also ns the anhydrous 
salt. The nitrate forms the tetruhydrate, 
Tm(NO,)„ 411,0. The most prominent 
absorption bands in solutions of thulium 
salts arc at XX 7015-0828, 0593-0585, 4043- 
4038, 300-1-3595 A. 

Thymine, 5-Methyl -2:0- dioxytetra- 
hydropyrimidine, C,H t O,N,. 

/NH-CO^ 

CO C.C1I, 

^NH—CH^ 

Crystallizes in plates, which sublime when 
carefully heated, and when rapidly heated 
melt at 821°-325°. Sparingly soluble in cold 
water, readily soluble in hot. Sparingly 
soluble in alcohol. Thymine is a con¬ 
stituent of the nucleic acid portion of 
animal nucleoproteins. See “ Nucleic 
Acids," by Jones, and “ Nucleic Acids,” 
by Lcvenc and Bass. 

Thyminose, or n-2-desoxyribose, 

CII,(OII) • CII(OH) • CH(OH) • CH, CIIO, 

was discovered in thymonuclcic acid by 
Levenc. It is unstable, and forms a green 
coloured tar on standing. 

Thymol, 3-Hydroxy-p-cymene, C, 0 II 14 O. 

Crystallizes in colourless plates, 

M.P. 51 5°, B.P. 233 5°. Soluble CH, 
in 1500 parts of water, very /\ 
soluble in alcohol and ether. 

It has the pungent odour of l Joil 
thyme. It is a constituent of 
oil of thyme and numerous other 
essential oils. It is manufactured CH, CH, 
from piperitone and used as a 
disinfectant. It is used to a small extent 
as a vermifuge, but its chief use is for 
the preparation of antiseptic lotions, mouth 
washes, and gargles, and also for oily sprays 
for the nose and throat. 

Thymol blue, Thymolsulphonphthalein. 
One of the sulphonphthalein group of in¬ 
dicators. It is used in 0 04 % aqueous solu¬ 
tion after neutralization with 4-3 c.c. of 
0 05 N-sodium hydroxide per 0-1 gram. It 
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has two useful p a ranges, 12 (red) to 2 8 
(yellow) and 8 0 (yellow) to 9 0 (blue). 
Thymolphthalein, C ia H M 0 4 . 



An indicator, prepared from phthalic 
anhydride and thymol. It is used in 0 04 % 
solution in alcohol and has a />„ range of 0 3 
(colourless) to 10 3 (blue). 

Thyroglobulin. See Thyroxine. 

Thyroxine, C is H„0 4 NI 4 . 


II 



H, 


CHCOOH 

NH, 


Crystals, M.P. 231°-233°, with decomposi¬ 
tion, insoluble in water, and the usual 
organic solvents, soluble in alkalis. Thy¬ 
roxine is present in the thyroid gland of 
animals, and has been synthesized. The 
Ijcvorotatory isomer is the naturally occur¬ 
ring form as has been concluded from feeding 
experiments, but it is isolated as the racemic 
acid, being raccinizcd by the alkali used in 
extracting it. It was at one time believed 
that the thyroxine was the active principle 
of the thyroid gland, but it has since been 
shown that giving thyroxine in certain 
eases of goitre does not have such good 
results as if thyroid extracts arc given 
The thyroid hormone is now believed to be 
a peptide of thyroxine, and 3: 5 -diiodo- 
tyrosine, with possibly other amino-acids in 
addition. This is associated with a globulin 
and the whole complex is called thyro¬ 
globulin. The thyroid hormone controls the 
rate of metabolism of the body ; it is also 
responsible for causing the metamorphosis 
of tadpoles. Shortage leads to the dis¬ 
eases goitre, myxoedema, and cretinism, and 
excessive secretion of the thyroid causes 
Graves's disease (exophthalmic goitre). See 
"The Thyroid Gland, Its Chemistry and 
Physiology," by Harington. 

Tiemann, Johann Karl Ferdinand (1848- 
1899). Bom at Rubcland in the Harz, 
Tiemann was apprenticed to a druggist but 
in 1809 went to Berlin to work under 


Hofmann. There he was appointed Privat- 
dozent (1878) and ultimately Professor 
Extraordinary (1882). Apart from in¬ 
vestigations on chemical analysis, his 
researches were mainly organic, on the 
nitriles, tcrpencs, and camphors. He 
carried out the synthetic preparation of 
vanillin. See J. Chem. Soc., 1900, p. 000. 

Tiglic Acid, cis -1 : 2 Dimethylacrylic Acid, 
C»H»O t 

CH,—CH 
CH ,—l —COOH 

is a colourless crystalline solid, M.P. 04°, 
B.P. 198-5°. Soluble in water and alcohol. 
Occurs in Roman oil of cumin and in croton 
oil. Prepared by heating angelic acid cither 
alone or in aqueous solution. Separated 
from angelic acid by means of its insoluble 
calcium salt. 

Tilden, Sir William Augustus (1842-1920). 
Bom in London, Tilden was apprenticed 
at the age of fifteen to a pharmacist. 
Stimulated by the lectures of Hofmann he 
turned his attention to chemistry, and in 
1803 was appointed demonstrator at the 
Pharmaceutical Society, London. After a 
period as science master at Clifton College, 
Bristol, he was appointed professor of 
chemistry at Birmingham and in 1894 
succeeded T. E. Thorpe as professor of 
chemistry at the Royal College of Science. 
He was elected F.R.S. in 1880 and knighted 
1909. Tilden was one of the early 
workers in tcrpcnc chemistry hut made 
many valuable contributions to other 
branches of chemistry. Sec J. Chem. Soc. t 
1927, p. 3190. 

Tin, Sn. At. no. 50, At. wt. 118 70. 
Isotopes in order of abundance: 120, 118, 
110, 119, 117, 124, 122, 112, 114, 115. A 
metal that has been known since prehistoric 
times. It exists in three allotropic modifi¬ 
cations. the commonest of which forms tetra¬ 
gonal crystals ; this—the ordinary tin—is 
a white lustrous metal with a sp. gr. of 
7-28 to 7-31. The dimensions of the tetra¬ 
gonal unit cell arc a 194. c = 3-1753 a. 

It is harder than lead, „ -dlcable, and can 
be rolled into sheet or. il. At 200,’ it 
becomes brittle, and can t»v powdered ; its 
sp. heat at 18° is 0 0524. Mf • ^2°, B.P. 
about 2270'. Ordinary tin is . y^talline 
and when a bar of it is bent there is a creak¬ 
ing noise known as the “ cry ” of tin. 

Below 19° ordinary tin gradually changes 
into a grey powder, with a lower sp. gr. 
than ordinary tin. Grey tin is cubic with 
the diamond structure, a = 0-40 a. At a 
temperature above 160’ ordinary tin gradu¬ 
ally changes into a rhombic variety. 
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The principal tin ore is cassitcritc or 
tinstone, SnO,, which is found in many 
parts of the world. This oxide is reduced 
by heating with charcoal or coal in a 
furnace; tin is also prepared from tinplate 
by an electrolytic process. 

As the ore is generally found contaminated 
with wolfram, scheelite, etc., the process 
involves several ore-dressing operations. 
Ores containing as little as l%-2 % of 
metal are concentrated up to 50 %-70 % 
before roasting. As tin is an expensive 
metal its recovery from waste tin-plate 
is practised. The chief method, due to 
Goldschmidt, consists in packing absolutely 
dry scrap in an iron cylinder and passing in 
dry chlorine under pressure. Only the tin 
is attacked, giving tin chloride. Tin is also 
recovered from scrap clcctrolytically. 

The metal is used extensively for tinning 
(q.v.), and with various metals as alloys, 
the chief being bronze. 

Tin alloys. Tin forms a component of 
many alloys, of which aluminium solder, 
anti-friction metal, Babbitt metal, bell-metal, 
Britannia metal, bronze, gun-metal, pewter, 
solder, and type-metal are the best known. 
Aluminium solder contains about 70 % tin, 
25 % zinc, 3 % aluminium, and a little 
copper, untiinony, or phosphorus. Anti- 
friction metal contains about 75 % tin, 
about 12-5 % antimony, and about 12-5 % 
of copper. Babbitt metal contains about 
00 % tin, about 7 % antimony, and about 
3 % copper. Bell-metal contains about 
20 % to 24 % of tin, the remainder being 
copper. Britannia metal contains about 
80 % tin, 8 % antimony, 2 % bismuth, 
3 % copper, and about 1 % zinc. Bronze 
contains from about 5 % to 8 % of tin, 
the remainder being copper. 

Gun-metal contains about 10 % tin, the 
remainder being copper. Pewter contains 
3 to 4 parts of tin *o 1 of lead ; sometimes 
a little antimony is added. Solder contains 
about equal parts of tin and lead. Type- 
metal contains about 72 % lead, 18 % anti¬ 
mony, 10 % tin, and sometimesa little copper. 

Tin chlorides. ' T 'v' of these are known : 
stannous chloric’ and stannic chloride. 

Stannous eh 1 .de, SnCI„ is a transparent 
solid witfi o - / tty lustre, M.P. 250°, B.P. 
about .1 It has reducing properties, 
comHfies with ammonia, and forms hydrates 
wit! water. The dihydrate SnCI„ 2H t O is 
known commercially as “ tin salt ” and is 
made by dissolving tin in HCI. The salt is 
very soluble in water; it is used os a 
mordant, and has other industrial uses. 

Stunnic chloride, SnCl 4 , is a thin, colourless, 
fuming liquid, density 2-28 at 0°, M.P. 
— 33°, B.P. 113 0°. It dissolves readily 


in alcohol, ether, and benzene. It dissolves 
sulphur, phosphorus, iodine, and bromine. 
It dissolves in excess of water, but hydrated 
stannous oxide separates out. With one- 
third of its weight of water it forms a 
crystalline mass, once called butter of tin. 
It is used as a mordant and has other 
industrial uses. 

Tin hydroxides. There arc several ill- 
defined tin hydroxides called stannic acids 
and many stannates. Colloidal a-stannic 
acid is a gelatinous mass formed by dialysing 
a mixture of sodium stannatc and hydro¬ 
chloric acid ; ^-stannic acid is supposed to 
be H,Sn t O,,, 411,0. Pamstannic acid may 
be H,Sn 4 0,„ 2H,0. Peretannic acid HSn0 4 , 
2H,0 can be prepared by grinding stannic 
acid with H,O t ; if it is dried at 100° a 
compound H,Sn,0„ 311,0 is formed. Per- 
stannates, e.g. KSn0 4 , 2H.O, also exist. 

Tin organic compounds. Of the organic 
compounds of tin, tin tetramcthyl, Sn(CII,) 4 , 
tin tetraethyl, Sn(C,H 4 ) 4 , and the tin ethyl 
iodides arc the best known. Mcthylcthyl- 
n-propylstannic iodide, Sn(CH,) (C,II 4 ) 
(C,H,)I. was resolved by Pope and Peachey 
in 1900 into optically active components. 

Tin oxides. There are two oxides of tin, 
stannous oxide, SnO, and stannic oxide, 
SnO,; each of these combines with water. 

Stannous oxide is a dark-green or black 
solid ; a red variety can be obtained, that 
quickly turns black on exposure to air. 

Stannic oxide, SnO„ exists in at least 
three forms. It occurs in tetragonal 
crystals as casriterxtc or tinstone; when 
pure these arc colourless and transparent, 
but they are often yellow, brown, or black, 
owing to the presence of impurities. M.P. 
about 1127°. Stannic oxide can also be ob¬ 
tained in hexagonal and rhombic crystals and 
in an amorphous state. It is insoluble in 
water and is used, under the name of putty 
powder, for polishing glass and metal. 

Tin sulphide, stannic sulphide, SnS t , is a 
yellowish solid that may be formed by 
precipitating a solution of a stannic salt 
with H,S. If thiostannic acid, H,SnS„ is 
heated it is converted into a golden-yellow 
solid variety of SnS,. A crystalline variety 
of SnS„ known as mosaic gold, is obtained 
by heating a mixture of tin filings, sulphur, 
and sal-ammoniac. It is used as a pigment. 

Tincture of iodine. An alcoholic solu¬ 
tion of iodine (e.g. iodine £ oz., potassium 
iodide J oz., rectified spirit 1 pint), which is 
used as an antiseptic. 

T innin g. The coating of iron with tin, 
chiefly used for making 41 tin ” cans, etc. 
The sheet iron is first pickled and then 
passed into the tin bath, the surface of 
which is protected from oxidation by a 
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flux of zinc chloride containing a little 
ammonium chloride. A former practice 
was to dip the plates in a tallow bath 
before putting them into the tinning vat 
A cheap form of tinplate called teme 
plate ” is coated from a lead-tin bath. 

Tinstone. See Cassiterite 

Titanium, Ti. At. no. 22, At. wt. 47-90 
This element, which was discovered in 
1789, occurs widely in nature, the most 

important minerals being ilmenite, which 
is essentially ferrous titanatc. FeTiO,, and 
rutile, which is almost pure liO t . lhe 
metal is obtained by heating the tetra¬ 
chloride with magnesium at 750 -900 in an 
atmosphere of helium, the magnesium and 
MrCI« being subsequently removed by 
leaching with cold dilute HC1. In the 
impure state it is obtained by the high 
temperature reduction of the oxide or by 
electrolysis (e.g. of fused potassium titanate). 
The metal crystallizes in the hexagonal 
system with the hexagonal close-packed 
structure, a = 2-95. c - 4 72 a. Its density 
is 4-50, M.P. 1800’. 

The metal is stable in air, but becomes 
coated with a protective layer of oxide. 
The massive metal burns in oxygen at 
about 000°. Oxidation of powdered ma¬ 
terial occurs at lower temperatures. It 
is attacked by the halogens above about 
300°, by sulphur at about 700°, and by 
nitrogen above about 800°. The metal is 
dissolved by cold hydrochloric acid, forming 
the violet trichloride. It is also attacked 
by cold dilute sulphuric or nitric acids, al¬ 
though a passive state results from the 
action of concentrated nitric acid. The 
chief use of titanium is in steel manu¬ 
facture, for which purpose it is generally 
employed in the form of ferrotitanium. 

Titanium dioxide, TiO,. This oxide oc 
curs in nature in three crystalline forms, 
namely rutile (tetragonal), brookite (ortho¬ 
rhombic), and anatasc (tetragonal). Rutile is 
one of the important natural sources of 
titanium. Amorphous titanium dioxide is 
extensively used as a pigment. Its annual 
production is of the order of 50,000 tons. 
It is usually prepared from ilmenite, a 
titanatc of iron, by conversion of the two 
metals to their sulphates, followed by 
preferential hydrolysis of titanium sulphate 
to the hydrated oxide. Alternatively the 
titanium in the ilmenite is converted to 
its volatile liquid chloride, which is hydro¬ 
lysed, or the mineral is attacked by an 
alkaline fusion. The oxide is readily formed 
by igniting the hydrated oxide. It is a 
white solid (d. 3-9-4-25), which melts at 
1000°. It is attacked by the halogens at 
high temperatures, and is not blackened 


by hydrogen sulphide at room temperature. 

It undergoes partial reduction when heated 
in hydrogen. 

The oxide is amphoteric, and forms salts 
with strong acids. These arc, however, 
readily hydrolysed. On fusion with alkali 
hydroxides or carbonates, titanates are 
formed. Titanates are also found in nature, 
and are isomorphous with certain silicates. 
Fusion of TiO, with Na,CO, yields sodium 
titanate, Na,TiO„ as a glass. This is 
hydrolysed by water into sodium hydroxide 
and titanic acid. II,TiO,. Sec also Rutile. 

Titanium carbide, TiC. A steel-grey 
crystalline solid, M.P. approx. 3200°, 
formed by heating a mixture of sugar 
charcoal and titanium dioxide in an electric 
furnace. It is unattackcd by hydrochloric 
acid, or by water vapour at 700°. The 
carbide acts as a deoxidizing agent in 
steel. It is used in small proportions in 
sintered tungsten carbide tool tips. 

Titanium chlorides, Titanium dichloride, 
TiCI,. A black powder, which may be 
sublimed in vacuum at 300®, and is formed 
together with the tetrachloride by heating 
titanium trichloride at 420°. The two 
halides are readily separated by distillation. 
The dichloridc is decomposed at 000° into 
titanium and the tetrachloride. It is a 
strong reducing agent, and when dissolved 
in liquid hydrogen chloride will reduce 
titanium tetrachloride to the trichloride. 

It is instantly decomposed by water. 

Titanium trichloride, TiCl a . A violet- 
brown scaly solid, formed by reducing 
titanium tetrachloride with hydrogen at 
about 700°. The dichloridc is always 
formed simultaneously. A deliquescent 
hydrated salt, TiCI 3 , 011,0, is also known. 
It is violet in colour, and is best obtained 
by electrolytic reduction of a solution of 
the tetrachloride in hydrochloric acid. 
Solutions of the trichloride have strong 
reducing properties and are used in volu¬ 
metric analysis. Mercury, silver, gold, 
copper, platinum, iridium, and palladium 
are precipitated by tin trichloride from 
solutions of their salts. 

Titanium tetrachloride, TiCI,. A colour¬ 
less, refractive liquid (d?, 1-7G04; B.P. 
130 4°, M.P. - 25°), formed by heating ti¬ 
tanium dioxide or powdered rutile mixed 
with carbon in a stream of dry chlorine at 
700*. Various alternative methods of pre¬ 
paration arc known. The product is puri¬ 
fied by fractional distillation. It may be 
freed from carbonyl chloride by heating 
in a current of dry air or carbon dioxide 
at 120*. Titanium tetrachloride fumes in 
moist air, and forms oxychlorides of 
titanium. It is used in the production of 
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smoke screens. It is hydrolysed completely 
by excess of water at 100°. This compound 
is technically important as an intermediate 
in the preparation of titanium compounds 
from minerals. 

Titanium hydride. Metallic titanium 
when heated at 400’ in hydrogen will absorb 
considerable quantities of the gas. The 
formula of the product approximates to 
Till,.,, but the amount of hydrogen taken 
up depends upon the temperature and 
pressure and no definite compound is formed. 
The product is termed an interstitial com¬ 
pound or, more generally, a solid solution. 
It has been shown by X-ray examination 
that in titanium metal charged with hydro¬ 
gen the normal lattice dimensions of the 
metal arc increased. Hydrogen is com¬ 
pletely removed from titanium by heating 
in vacuum at 1000 ’. 

Titanium nitrides. Titanium forms two 
nitrides, Ti,N, and Ti,N 4 . The first com¬ 
pound is formed by heating titanium in 
nitrogen or ammonia at 900°-1000°. It is 
a hard yellow solid, which is soluble in 
boiling aqua regia and yields ammonia on 
treatment with hot sodium hydroxide 
solution. The second nitride, which has 
properties similar to those of Ti,N t , is 
formed by heating the compound TiCI 4 . 
Nil, in absence of air at 1000'. 

Titanium sulphates, Ti s (S0 4 ),. The sul¬ 
phate of trivalent titanium is obtained 
as a crystalline octahydrate by treating 
titanium trichloride with dilute sulphuric 
acid, and cvnporating in vacuum at 00 °. 
The anhydrous salt may also be obtained. 
Solutions of the sulphate have reducing 
properties similar to those of the trichloride. 
Ti,(S0 4 ), can enter into the composition of 
alums. The sulphate of tctravalcnt 
titanium is also known. It is stable in 
presence of excess of sulphuric acid, but 
is readily hydrolysed. 

Titanium tetrafluoride, TiF 4 . A white 
solid, M.P. 280°, which may be prepared 
by the action of fluorine on titanium or by 
the action of anhydrous hydrogen fluoride 
on titanium tetrachloride at 120°. With 
water the anhydrous fluoride is converted 
to the dihydratc TiF 4 , 211,0. 

Titration. • It is often necessary to deter¬ 
mine the volume of a solution required to 
icact quantitatively with a given volume 
of some other solution. This is con¬ 
veniently achieved by the process known 
as titration, which consists in adding the 
one solution a small amount at a time 
from a graduated vessel provided with a 
tap, to an accurately measured volume of 
the other solution, until just sufficient 
has been added to complete the reaction, 


when the substances are evidently present 
in equivalent amounts. This equivalence 
point (q.v.) may Ik- evident by the cessation 
of n precipitation (e.g. in the reaction 
between solutions of silver nitrate and 
sodium chloride), or by a colour change 
(e.g. in the reaction lietwcen oxalic acid 
and potassium permanganate). Where no 
visible change occurs, a substance may be 
added which docs not materially affect 
the reaction, but which provides a visible 
change at the end-point. Such indicators 
(q.v.) arc nearly always employed. 

Any reaction which proceeds to com¬ 
pletion in aqueous solution may generally 
be made the basis of a titration. Those 
most often met with arc concerned with 
the neutrali/.ation of acids with bases • 
with oxidation and reduetion reactions 
(indicators, oxidation-reduction q.v .); nnd 
with reactions involving precipitation. 

The determination of the equivalence- 
point is sometimes made by electrical 
measurements. Sec electrometric and con¬ 
duction^ ric titrations. 

T.N.T. Sec Trinitrotoluene. 

Toad venoms. The poisonous substances 
of the toad arc secreted by the skin glands 
and hnvc an action on the heart of animals 
similur to that of digitalis and related plant 
glycosides, but without the persistence of 
action associated with digitalis. They arc 
conjugated compounds consisting of grains 
of a sterol-like structure combined as 
esters with suberylargininc. The free genins 
arc also present. The best-known toad 
venom is bufotoxin. Sec “The Chemistry 
of Natural Products Related to Phen- 
anthrene." by Fiescr. 

Tocopherol. Sec Vitamin- E. 

Todd, Alexander Robertus (1907- ). 

Educated at Glasgow University, Todd 
worked under Sir Robert Robinson at 
Oxford (1931-1934), at Edinburgh (1934- 
1936), and at the Lister Institute (1936-1938) 
before becoming professor of chemistry 
at Manchester University (1938) and pro¬ 
fessor of organic chemistry at Cambridge 
(1944). Todd's researches have dealt with 
the chemistry of certain vitamins and drugs 
and with the synthesis of nucleosides. 

Toluene, C 7 H g . Colourless refractive 
liquid with characteristic smell. 

Bums with smoky flame. B.P. CH, 

111 0 , M.P. -97° to -99°. 

Density at 13° 0 8708. Very | 

volatile in steam. Insoluble in 
water, miscible with most or- \/ 
ganic solvents. 

Obtained commercially from coal-tar by 
rectification of the fraction boiling between 
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100 °- 120 °. 

solvent. ., . 

Chromic or nitric acids cause oxidation 
to benzoic acid; milder oxidation gives 
benzaldehydc and benzoic acid. The action 
of chlorine on boiling toluene gives mainly 
side chain substitution to benzyl chloride, 
benzal chloride, and bcnzotrichlonde, all 
used for the preparation of benzaldehydc 
and benzoic acid. Cold chlorination in 
the presence of iron causes nuclear sub¬ 
stitution to a mixture of o- and p-chloro- 
tolucnes. Easily nitrated in the cold to 
mixture of o- and p-nitrotolucncs; more 
vigorous conditions produce ultimately 
2:4:0-trinitrotoluene, which is widely 
used as an explosive (T.N.T.). Sulphonates 
to a mixture of o- and p-isomers, the latter 
preponderating; the sulphonic acids arc 
used for the preparation of saccharine and 
chloraminc-T respectively. All derivatives 
of toluene are much used in the dyestuffs 

industry. .... 

o-Toluidine, C,H # N. Colourless liquid. 
B.P. 198-1°, density at 20° 

0-9080. Insoluble in water, 
miscible with organic solvents, 
volatile in steam, soluble in acid 
solutions. It is prepared by the 
reduction of o-nitrotolucnc. 

It is basic, forms stable hydrochloride and 
sulphate, both moderately soluble in water. 
The sulphate is converted at 200° into 
o-toluidiucsulphonic acid. Readily diazo 
tizes and in this form used os first component 
in many dyestuffs. Used for condensa¬ 
tion with benzaldehydc in preparation of 
magenta. 

p-Toluidine, C,H,N. Colourless leaflets, 

M.P. 45°, B.P. 200-4°, density 1058. 

Slightly soluble in water, readily 
in alcohol, ether, and benzene. 

Volatile in steam. 

It is basic and gives well-defined 
salts with mineral acids. Prepared 
by reduction of p-nitrotoluene with 
iron and hydrochloric acid. Sulphonates 
in the o-position. It is used as a first com¬ 
ponent in azo dyes and in the manufacture 
of magenta. 

Toluol. Sec Toluene. 

Tone, Frank Jerome (18G8-1944). Bom 
at Bergen, N.Y., Tone graduated from 
Cornell University in 1891 as an electrical 
engineer. About four years later he ac¬ 
cepted a position at the Acheson works, 
of which he became superintendent and 
then works manager, and in 1919 was 
elected to the Presidency of the Carbo¬ 
rundum Co. He was largely responsible for 
the development of the synthetic abrasives 
and refractory industries in America, and 



for his work in this field was awarded the 
Perkin Medal for 1938. 

Topaz (A1F)„ Si0 4 , an aluminium fluo- 
silicatc occurring in igneous rocks, in tin- 
veins and in some clays. The crystals 
arc orthorhombic with four molecules in j* 
unit cell having dimensions a = 401 a., b - 
8-78 a. and c = 37 a. The structure con¬ 
sists of linked octahedral groups around 
A1 and tetrahedral groups around bi ; 
four of the six atoms around each A1 belong 
to SiO, groups; the remaining two are 
F atoms which may be partially replaced 
bv Oil. The refractive index is 1 027- 
1-G18 ; birefringence 0 009, biaxiully posi¬ 
tive, hardness 9. 

Torrance mixer. A vertical kneadcr con¬ 
sisting of two sets of rotating knives. 
The pan containing the charge also rotates 
in the reverse direction, thus increasing 
the mixing effect. 

Tosyl. The name given to the p- 


tolucnesulphonyl group H,C^_/ so a— 

Toluencsulphonyl chloride reuets with cer¬ 
tain hydroxyl groups in organic compounds 
to give derivatives which arc often crystal¬ 
line solids. This reaction is sometimes 
called tosylation. 

Total pressure. The pressure exerted by 
a mixture of gases or vapours is usually 
referred to as the total pressure to dis¬ 
tinguish it from the pressures exerted by 
the individual vapours or gases present, 
which arc referred to as partial pressures. 
Thus, a mixture of oxygen at a partinl 
pressure of 10 mm. and nitrogen at u partinl 
pressure of 35 mm. has a totul pressure of 
45 mm. See Partial pressure. 

Total reflux. A distillation column is 
said to be operating under total reflux 
when the vapour leaving the column is 
completely condensed in the partial con¬ 
denser and returned to the column. In this 
case there is no product withdrawn from tIn- 
system and the reflux ratio is infinity. 

Toughness is the resistance offered to 
fracture by repeated bending or twisting. 
A common test for wire is to ascertain 
the number of times a short length can be 
bent to and fro through a certain fixed 
angle before breaking. 

Tourill. See Cellarius Tourill. 

Tourmaline, an aluminium borosilicate 
which occurs as black or blue-black hexa¬ 
gonal crystals. Sp. gr. 2-98-3-2, hardness 
about 7, refractive index 1-64-1 02, bire¬ 
fringence 0 017 (uniaxial negative), melting 
range lOOO'-l 100°. Intensely plcochroic 
and a moderate conductor of electricity. 
A very stable mineral, of frequent occur¬ 
rence in some clays, and easily recognized 
in the form of blue needles in crude china 
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clay. It appears to act as a catalyst in 
the formation of tridymitc but cannot be 
used for this purpose as it is so fusible. 

Town gas. Coal gas, is made by the 
tncrnial decomposition of coal, either in 
horizontal or vertical retorts, which arc 
usually heated by producer gas, at a tern- 
pornture of about 750* to 950°. The chief 
by-products arc coke, coal-tar (from which 
numerous important benzenoid derivatives 
arc obtained), and ammonium sulphate. 
After purification from impurities, such as 
carbon disulphide, a typical town's gas has 
the composition :— 

Hydrogen . . . 50 0 % 

Methane . . . 22-8 % 

Carbon monoxide . . io-9 % 

Nitrogen . . . o-O % 

Other hydrocarbons . 2*5 % 
Cnrbon dioxide . . 1-3 % 

Oxygen . . .05% 

Such a gas has a calorific value of about 
500 B.T.U./cu. ft. 

The gas is often enriched by the addition 
of water-gas which increases the proportion 
of hydrogen and carbon monoxide. Sec 
Coolitc, Coke-oven, Low-temperature car¬ 
bonization. 

Toxisterol. See Vitamin-D. 

Traction thickener. This plant is in 
principle the same os the Dorr and Hardingc 
thickeners ; it is, however, built in very much 
larger sizes for high capacities. The raking 
mechanism, instead of being supported 
by a single central shaft, is carried by a 
bridge supported at two points, at the centre 
of the tank by a pillar about which it can 
rotate, and at the periphery by a small 
carriage driven round a tramway by an 
electric motor. 

By employing rakes of a special design 
it is possible to use square tanks, thus 
securing an economy in space. 

Transformer oil. A highly refined oil used 
as an insulating bath for transformer wind¬ 
ings. It must have practically no tendency 
to form sludge on standing and is therefore 
usually submitted to intensive wet refining 
with oleum. Switch oils, used to immerse 
the contacts of switches carrying heavy 
currents, must fulfil similar requirements. 

Transition element. A term applied by 
Mendeltfcff to the elements of Group VIII 
of the periodic table (i.e. iron, cobalt, 
nickel, ruthenium, rhodium, palladium, 
osmium, iridium, and platinum). The 
term is now used to include the elements 
from scandium to zinc, yttrium to cad¬ 
mium, and hafnium to mercury. Transition 
element* are characterized by having partly 
incomplete inner electron shells, variable 


valency, and coloured ions. They arc usually 
para-magnctic. All these properties arc due 
to the incomplete inner electron shells. 

Transition interval. The visible colour 
change of an indicator is limited to a de¬ 
finite range of hydrogen-ion concentrations 
or of potential. The region between the 
limiting values, expressed in terms of p n or 
r H , is the transition interval, or region of 
change of the indicator, e.g. litmus changes 
from red to blue in the interval p n 5*0-8-0. 
See Hydrogen-ion concentration; Indicators, 
oxidation-reduction. 

Transition interval of an oxidation- 
redaction indicator. See Indicators, oxida¬ 
tion-reduction. 

Transition point. This is the same as the 
transition temperature. 

Transition temperature. Many allotropic 
or polymorphous substances have forms 
which are converted into each other at a 
definite temperature, which is known os 
the transition temperature, e.g. rhombic 
sulphur is transformed into monoclinic 
sulphur at 95 6°. Below this point, rhombic 
sulphur is the stable form, while the mono¬ 
clinic variety is stable above it. TransK 
tion temperatures are influenced by the 
pressure exerted on the system. 

Transmutation. The process of trans¬ 
forming one element into another is called 
transmutation, ond has occupied the atten¬ 
tion of scientists since the earliest times. 
The search for the Philosopher’s Stone, a 
substance by means of which base metals 
like iron could be converted into gold, 
was one of the chief pre-occupations of the 
alchemists, but it is only since 1910 that 
successful transmutation of any kind has 
been achieved. It was then found that when 
a proton is fired with a high velocity at on 
atom of lithium, the proton may be taken 
up by the lithium atom, which then splits up 
to yield two atoms of helium. Likewise 
when aluminium is bombarded with the 
nuclei of helium atoms, the aluminium 
takes up the helium and is converted into 
silicon. Numerous transmutations have 
been induced by similar experiments in 
which atoms have been bombarded with 
neutrons, cosmic rays, and deuterium atoms. 

Until recently, the quantities of product 
obtained by transmutation were exceedingly 
small. During the development of atomic 
energy, however, the new elements nep¬ 
tunium and plutonium have been produced 
in quantity by neutron bombardment of 
uranium. 

The transformations of the radioactive 
elements, whereby, e.g. uranium ultimately 
becomes lead, are not usually regarded as 
instances of transmutation because the 
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processes arc spontaneous, and cannot be 
controlled by the experimenter. 

Transport number. The fraction of the 
total current carried by a particular .on 
during electrolysis is termed the transport 
number of that ion. 

Travers, Morris William (187-- )• 

Born in London, Travers was educated at 
University College, London, and the Uni 
versity of Nancy. In 1906 he was appointed 
Director of the Indian Institute in Bangalore 
and in 1021 became President of the Society 
of Glass Technology. He was appointed 
Honorary Professor in the University of 
Bristol in 1027. Travers was associated 
with Ramsay in his work on the inert gases 
and is an authority on glass technology. 

He was elected F.R.S. in 1004. 

Trehalose, C ia H n O u . is a non-reducing 
disaccharide—vl*. aa-diglucose, widely dis¬ 
tributed in fungi, replacing sucrose in those 
plants which contain no chlorophyll and do 
not manufacture starch. It crystallizes in 
lustrous rhombic prisms (a) D + 107*. 

Tremolite, a variety of asbestos, consisting 
of a double silicate of calcium and mag¬ 
nesium with very little iron, and usually 
regarded as an amphibolc. It occurs 
chiefly in Lombardy and Piedmont. Sp. gr. 
about 3, hardness 5-6, refractive index 
1-636-1-608, birefringence 0-028. It is not 
attacked by most acids. 

Triacetin. See Acctins. 

Triacetoneamine, 2 : 2 : 6 : 6 Tctramcthyl 
y-piperidone, C,H,,ON, 
crystallizes in colourless 
needles, M.P. 34 0°, 

B.P. 205°. Forms a 
crystalline mono* 
hydrutc, M.P. 58°. ^H, 

Soluble in water, alco¬ 
hol, and ether. Pre¬ 
pared by treating diacctoncaininc with 
acetone, or by passing ammonia gas into 
acetone containing fused calcium chloride. 
It is weakly basic. Decomposed to phorone 
and ammonia. Reduced to tetramethyl- 
3-hydroxypipcridinc. Used in the synthesis 
of cucaine. 

Triangular diagram. This is a graphical 
representation of the phase-rule data for 
a system of three components. 

Tribasic acid. An acid which has three 
replaceable hydrogen atoms, and therefore 
may yield three series of salts, is termed a 
tribasic acid, e.g. HjPO,, which yields salts 
of the types NaH.PO^ Na.HP0 4 , and 
Na 3 P0 4 . 

Trichloroacetaldehyde. See Chloral. 

Trichloroacetic acid. See Chloroacctic 
acids. 

Trichlorobutaldehyde. See Butylchloral. 
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Tridymite 

Trichlorobutylidene glycol. Sec Butyl- 
chloral hydrate. . _ 

Trichloroethylene, Westrosol, Chlory ene, 
CIICI: CClj, is a colourless liquid with a 
chloroform-like odour, I)*° 1-477, B.P. 88 . 
Insoluble in water; miscible with benzene. 
Manufactured by heating acetylene tetra¬ 
chloride with lime or ammonia in dilute 
solution. It is not attacked by dilute 
acids or alkalis ; but when heated under 
pressure with sodium hydroxide it yields 
sodium glycollate. Slowly forms phosgene 
and dichloroacetyl chloride on exposure 
to light and air ; this can be prevented by 
the addition of hexylresorcinol or 10 % of 
petroleum spirit. It is an excellent solvent 
for fats, waxes, resins, rubber, sulphur, and 
phosphorus. Reacts with sodium cthoxide 
to give diclilorovinyl ether. Used as a 
grease solvent and for dry-cleaning and in 
the manufacture of diehloroacctic acid and 
dichlorovinyl ether. Also used in the 
azeotropic method for the production of 
absolute alcohol. , , 

Trichloroethylidene glycol. Sec Chloral 
hydrate. 

Trichloromethyl chlorolormate, Diphos- 
gene, Superpalite, CjOjCl,, Cl • CO • OC< l 3 , 
is on oily liquid ; iU vapour is extremely 
poisonous, having effects similar to phos¬ 
gene when inhaled, D w 1-053, B.P. 128°; 
49°/50 mm. Manufactured by treating 
methyl alcohol with phosgene to form 
methyl chloroformatc and then chlorinating 
tliis with chlorine under the influence of 
ultra-violet light. It is decomposed by 
water to give carbon dioxide and hydrogen 
chloride. When heated strongly it is con¬ 
verted to phosgene. It has been used as n 
lethal gas in shells ; it is more persistent than 
phosgene owing to its higher boiling-point. 

Triclinic system. A term used to de¬ 
scribe crystals having three unequal crys¬ 
tallographic axes which intersect one 
another obliquely. Such crystals have no 
planes and no axes of symmetry. Copper 
sulphate pentahydrate and potassium di- 
chromatc are examples of substances which 
crystallize in this system. It is sometimes 
referred to as the anorthic system. See 
Crystal symmetry. 

Tridymite, SiO., a variety of silica rarely 
found in nature, but produced on heating 
quartz and other forms of silica to a high 
temperature. Hardness 7, M.P. 1070'. 
Tridymite is more readily attacked by 
hydrochloric acid than quartz, but less 
readily than cristobalitc. It is a very 
desirable constituent of silica bricks as it 
has a lower coefficient of expansion and is 
less susceptible than cristobalitc to sudden 
changes in temperature. 
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Tridymitc is tlic stable form of silica 
between the temperatures 870’ and 1470°. 
Below 870’ quart/, is the stable form; 
above 1470’, cristobalite. The changes 
from one form to another take place very 
slowly, but 011 prolonged heating above 
1470 tridymitc is converted into cristo¬ 
balite. As in the ease of quartz and cristo¬ 
balite, tridymitc exists in two forms—the 
a- or low temperature form and 0 - the high 
temperature form, and a- changes into 

0 -tridymite between 120 ° and 160 °. 

“-tridymitc is orthorhombic : a = 9 88 . 
b = 171, c= 10 3 a. with 04 SiO, in the 
unit cell. The density calculated from the 
X-ray data is 2-30 g./c.c. 

0-Tridymitc is hexagonal, a = 5 03. c = 
8-22 a., with 4SiO, in the unit cell. Density 

2-20 g./c.c. 

As in all the forms of silica, tetrahedral 
SiO* groups are linked by corners. Tl»c 
structure of a-tridymitc has not yet been 
determined but is probably a distorted 
form of the simpler 0 -tridymite structure 
(compare a- and 0 -quartz). 

Triethanolamine. Sec Kthanolamincs. 

Triethoxy methane. Sec Orthoformic 

ester. 

Triethylamine. See Ethylamines. 

Trigonal system. Alternative name for 
the rhombohcdrnl system (q».v.). It is 
preferable now to use the latter term for 
crystals which arc normally referred to a 
rhombohcdrnl unit cell. The use of the 
term trigonal is confusing since the simplest 
repeat unit in some crystals containing 
only trigonal (three-fold) axes is a hexagonal 
unit cell. Sec also Crystal symmetry. 

Trigonelline, N-Methylnicotinic acid 
betaine, C,H t O,N. Crystallizes in 
prisms with one molecule of water, 

M.P. (anhydrous) 218®, with de¬ 
composition. Soluble in water 
and alcohol. A base found in the 
seeds and fruits of many plants. 

Trihydroxypropane. Sec Glycerin. £h, 

Triiodomethane. See Iodoform. 

Trimer. See Polymer. 

Trimethylamine. Sec Mcthylamincs. 

Trimethylamine oxide, C s H,ON, crystal¬ 
lizes front water in colourless 
needles containing two mole¬ 
cules of water of crystalliza¬ 
tion, M.P. 255®-257° (hy¬ 
drate) ; 90’ (anhydrous). Soluble in water 
and methyl alcohol ; sparingly soluble in 
ethyl alcohol. Occurs widely distributed 
in fish and animal tissues. Prepared by 
treating an aqueous solution of trimethyl- 
aminc with hydrogen peroxide. Forms 
alkaline solutions in water and combines 
with acids to give crystalline salts. Dc- 


CH|\ 

CH,-X\*=0 

CII,/ 



composes when heated at 180’ into tri- 
mcthylamine and formaldehyde. 

1:3:5-Trimethylbenzene. See Mesity- 
lene. 

Trimethylene. Sec Cyclopropane. 

Trinitrocresol, C 7 IIj 0 7 N,. It forms yellow 
crystals, M.P. 107°. In its 
chemical and physical pro¬ 
perties it closely resembles 
picric acid, e.g. it is acidic 
and forms explosive metallic 
salts. 

Is prepared by the direct 
nitration of m-cresol. It is used as a high 
explosive for military purposes. 

Trinitrotoluene, C 7 II 4 O.N,. It forms 
pseudo-rhombic yellow crys¬ 
tals, M.P. 805®. Soluble 
in benzene and alcohol. It 
forms additive compounds 
with hydrocarbons, aniline, 
and a- and 0 -nuphthyl- 
amincs. It condenses to 
form compounds with nitrosodimcthyl- 
anilinc and dimcthyluminobcnznldchydc. 

It is prepared by the direct nitration of 
toluene with a mixture of nitric and sul¬ 
phuric acids. 

It is widely used under the name 
** T.N.T." as on explosive for military and 
other purposes. 

Trional. Sec Sulphonal. 

Triose. A carbohydrate with three carbon 
atoms. Three trioses arc known, dihydroxy- 
acctonc and two stereoisomers of glyceric 
aldehyde. 

Trioxymethylene. Sec Paraformaldehyde. 

Triphenylmethane dyes, 




r** 
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Triphenylmethane Triphenylcarbinol 


The hydrocarbon triphenylmethane is the 
basis of a large number of important dye¬ 
stuff, which can all be considered as 
anhydro-dcrivatives of triphenylcarbinol. 
These dyestuffs are all derived from amino- 
and hydroxy-triphcnylcarbinols in which 
the substituent groups arc in the para- 
position to the carbon atom. The colours 
are nearly all extremely pure and bright 
shades, and have a high tinctorial power. 
The basic colours come on the market in 
the form of hydrochlorides, oxalates, and 
double zinc chlorides. They are generally 
crystalline solids, soluble in water, the 
solutions in dilute acids being more stable. 
By reduction they become colourless 
“ leuco ’’-compounds. The basic colours 
dye animal fibres and tannin-mordanted 
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Triphenylmethyl 

cotton direct from neutral solution being 
used mainly for the latter fibre. In wool 
dyeing the acid of the dye salt »s liberated 
and the dye goes on to the material as the 
base or rather its salt with the complex 
amino-acids of the. wool. The simpler 
basic dyes are very readily bleached by 
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Triplet. See Multiplet. . oc 

Trisazo dyestuffs. Nearly all of these 
dyes contain a diamine of the type of 
benzidine as one component, which makes 
them substantive to cotton. Many oi 
them have the valuable property of dyeing 
well on mixed fabrics containing animal and 


srr sT" 

“negative substituents are last. *'*an> giu fib .. -- 


■ulphonated triphcnylmethane colours, 
being of great beauty and brilliance of tone 
areused as acid dyes for wool. They are. 
however, not very fast to light and to some 
extent to alkali, although this has been 
greatly improved, for example, in the 
Patent Blues. These are dyestuffs eon 
taining two basic groups (Malachite Green 
series), containing three basic groups 
(Rosanilinc scries) and containing hydroxyl 
groups (Rosolic acid scries). 

Triphenylmethyl. This was the first free 
radical to be prepared; its 
discovery was announced 
by Gomberg in 1000. It 
can be isolated only in the 
himolecular form, hexa- 
phenylcthane, a colourless 
solid,' M.P. 145°-147°. In 
solution an equilibrium 


<=>\ 

o 


c 



80 IUUU.. .... - is established 

between hexaphenyletlianc and triphcnyl- 
mcthyl. The proportion of triphcnyl- 
methyl increases with dilution or rise in 
temperature: a 2% solution of the 

bimolccular form in benzene contains 
1-3 % triphenyl at 5° C. and 27 % at 
80° C. The equilibrium mixture is obtained 
by heating triphenylmethyl chloride with 
mercury, silver, or zinc in the complete 
absence of oxygen. The free radical is 
very reactive, combining with atmospheric 
oxygen to give a peroxide and with iodine 
to give triphenylmethyl iodide. It also 
forms addition compounds with sodium 
magnesium bromide, nitrogen dioxide, 
quinone, and unsaturated hydrocarbons. 
Solutions containing triphenylmethyl have 
a yellow colour. The triphenylmethyl 
molecule containing one unpaired electron is 
paramagnetic. In ionizing solvents such as 
sulphur dioxide the free radical or its chloride 
gives rise to triphenylmethyl cations ; simi¬ 
larly triphenylmethyl anions arc formed in 
solutions of sodium triphenylmethyl. 

Triple bond. See Double bond. 

Triple point. Three phases in a one 
component system can be in equilibrium 
only at a certain temperature and pressure, 
e.g. ice, water, and water vapour are in 
equilibrium at 4 mm. pressure and 0 0075°. 
This is called the triple point. 


Liouu ---— ' 

Blue B). Another method for the prepara¬ 
tion of these dyestuffs consists in allowing 
a diazo-salt to react with one of the com¬ 
ponents of a benzidine dyestuff (e.g. 
Diamine Green G). If phenol is used in 
place of salicylic acid. Diamine Green B 
is obtained. Another example is Congo 
Brown G. See also Azo-dyes and Direct 
cotton dyes. . .. , 

Trithionic acid. See Polythionic acids. 
Triticin (C,H 10 O»)* is an amorphous 
fructosan from the honey of Triticum 
repens, [a] D - 51-4°. It is highly stable 
and Schlubach considers it to be a large 
closed ring containing a multiple of 7, i.e. 
either 14 or 21 fructose units. Hydrolysis 
of mcthytriticin yields tetra-, tri-, and 
di-methyifructosc in the ratio 3: 1 : 3. 

Trityl. A name given to the triphcnyl* 
methyl group. _ 

0 \. 



O 

Triphenylmethyl chloride reacts with pyri¬ 
dine solutions* of certain hydroxy com¬ 
pounds and sugar derivatives to form 
trityl ethers. 

Trommel. A trommel consists essentially 
of a cylinder of perforated sheet metal or of 
wire screen ; the axis of the cylinder is tilted 
and the whole revolves slowly. Material 
to be classified enters at the upper end 
of the trommel, undersize escapes through 
the perforations in its surface and the over¬ 
size is discharged at the other end. By 
covering sections of the cylinder with 
screens of different mesh it is possible to 
separate out a scries of fractions. The 
finest mesh must, in such cases, be nearest 
to the feed end of the trommel, and is 
therefore subjected to the heaviest wear ; 
as it is, in any case, the weakest of the 
screening surfaces this presents a serious 
disadvantage. 

For larger capacities a series of trommels 
may be used arranged either so that the 
oversize from one passes forward to the 
next, in which case the finest screen is the 
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first of the series, or so that the undersize 
is further classified, in which case the feed 
passes first through the coarsest mesh. 

Trommel test. An empirical test for 
coke which gives an indication of the 
resistance of the sample to abrasion. The 
apparatus consists of a metal drum 40 in. 
long and 30 in. in diameter having a tightly 
fitting door at the end for charging and 
discharging. The inner surface of the 
drum is fitted with 3 radial fins 8 in. deep 
and 120 ° apart running the whole length 
of the drum which is mounted horizontally 
and rotated at 25 R.P.M. 

The test is similar to the Shatter test; 
50 lb. of the sample over 2 in. in size is 
tumbled for 50 revolutions of the drum, and 
the resulting product screened as before. 

Trona. Naturally occurring sodium 
sesquicarbonate, Na,CO„ NallCO,, 2H.O, 
which is found in various localities and is 
formed J>y the spontaneous evaporation of 
soda lakes. This material is also known as 
Urao. 

Troostite. The term given to a micro- 
structure appearing on steels that have 
been cooled slower than is required to 
give a martensitic structure; it is found 
in steels that have been quenched in oil 
or in the centre of large masses quenched 
in water. Troostite is structureless, the 
carbide being very finely dispersed ; when 
etched it shows up dark brown or black. 

Tropacocaine is bcnzoylpscudotropine. 
Ci.H 1 # O.N, 


CH,- 


CH,- 


-CH-CH, 

N CH, in • OCOC.H, 

in-in, 


an alkaloid present in coca leaves; it is, 
however, usually prepared synthetically 
from tropine. Tropacocaine is a powerful 
local anaesthetic, acting more quickly than 
cocaine and only about half as toxic, but 
its action is more transitory and it does 
not dilate the pupil of the eye to the same 
extent. 

Tropine, C s H l5 ON. 


H,C—CH-C1I, 

I A • CH, (JhOH 



A basic secondary alcohol, which crystal¬ 
lizes in hygroscopic plates, M.P. 63°, 
B.P. 220°. Very soluble in water and 
ulcohol. It is formed by hydrolysis of its 
esters, which are called tropeines, and are 
important medically. Sec atropine, homa- 
tropine, hyoscine, hyoscyamine. 


Trotyl. A name for trinitrotoluene. 

Tronton’s rule. The molecular weight of 
a liquid (M) is related to the latent heat of 
evaporation (/) and the boiling-point of the 
liquid on the absolute scale (T) by the 
expression 

Ml 


For most normal liquids the constant, 
which is known as Trouton's constant, has 
a numerical value close to 21. Associated 
liquids show marked deviations from this 
rule. 

Tryparsamide, try parsons, 
C,H 1# 0 4 N,As Na. 

NH • CH, • CONH, 



N}Na 

The sodium salt of N-phcnylglycincamide- 
p-arsonate. Colourless crystals, soluble in 
water, almost insoluble in alcohol. Pre¬ 
pared from 8odium-p-aminophenylareonate 
and chloracetamide. It is used in the 
treatment of sleeping sickness and neuro- 
syphilis. 

Trypsin is one of the proteolytic enzymes 
of the intestinal tract. It, its precursor 
trypsinogen, and the related substances 
chymotrypsin and chymotrypsinogen have 
all been obtained crystalline and have M.W. 
about 40,000. These enzymes arc much 
more specific than was at one time believed. 
Trypsin splits peptide links adjacent to an 
arginine or lysine unit, and chymotrypsin 
links formed by the a-carbonyl group of an 
aromatic amino-acid. The enzymes act 
best under alkaline conditions at p„ 8 - 0 . 

Tryptophan, a - Amino - 0 - indolylprop- 
ionic acid, C n H„O t N,. Crystallizes in 



hexagonal and rhombic leaves, M.P. 289°. 
Slightly soluble in cold water, readily 
soluble in hot. The naturally occurring 
substance is Isevorotatory, [<x] D — 83°. 
Tryptophan is an essential amino-acid, its 
presence in the food of animals is necessary 
for proper growth. It is present in small 
quantities in the hydrolysis products of 
most proteins, although absent in certain 
vegetable proteins. It can be detected by 
the deep violet colour it gives with form¬ 
aldehyde, mercuric sulphate, and sulphuric 
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acid. Sec “The Biochemistry of the 
Amino-Acids,” by Mitchell and Hamilton. 

Tschugaeff-Zerewitinoff method. A 
method for determining the number of 
hydroxyl groups present in the molecule 
of an organic compound. A stock solution 
of magnesium methyl iodide in amyl ether 
or pyridine is prepared and an excess of it 
is allowed to react with a solution of the 
compound in question in a modified nitro¬ 
meter apparatus. Reaction occurs accord¬ 
ing to the following equation : 

R • OH + CH a MgI ^ R • OMgl + CH« 

and the amount of methane produced is 
measured. It is clear that substances 
containing, in uddition to hydroxyl groups, 
groups that can react with the Grignard 
reagent with evolution of gais, such as 
primary amino-groups, are not suitable for 
this type of determination. 

Tube mill . See Ball mill. 

Tumbling barrel. A type of mixer widely 
used for powders or in concrete mixing. 
It consists simply of a cylinder supported 
on trunnions on its longitudinal axis and 
revolving slowly. This motion is quite 
sufficient to ensure intimate dispersion of 
suitable substances. 

Tung Oil, also known as China-wood oil, 
is a rapidly drying oil obtained from the 
nuts of Aleurites cordata and Aleurites fordii, 
trees of the euphorbia order that arc native 
in China and Japan and now cultivated in 
America and elsewhere. Tung oil is used 
on a considerable scale with naturu! resins 
in the preparation of oil varnishes ; when 
it is heated with certuin metallic oxides 
driers arc formed which arc known as 
tungates. The residue left after the extrac¬ 
tion of the oil from the nuts and seeds 
contains about 5 % of nitrogen, 2 % of 
phosphorus, and 1 % of potassium, and is 
useful as a fertilizer. 

The cultivation of the trees and the use of 
the oil arc extending rapidly. 

Tungstates. Tungstic acid forms several 
scries of tungstates ; the normal tungstates 
derived from H,WO t are insoluble in water 
with the exception of those of the alkali 
metals. The insoluble tungstates can be 
obtained in a crystalline form by fusing 
together sodium tungstate and the metal 
chloride in an excess of sodium chloride and 
then leaching out the soluble chloride. 
Calcium, cadmium, and to a smaller extent 
magnesium and zinc tungstates prepared in 
this way are used in the preparation of 
fluorescent screens for X-ray work and for 
coating bulbs of electric discharge lamps ; 
each salt gives a characteristic fluorescence 
colour varying from green to blue, but the 


colours may be modified by the introduction 
of carefully regulated quantities of im¬ 
purities. Sodium tungstate, Nn a \Y0 4 , 
2 H.O, has been used as an impregnating 
material in the fireproofing of fabrics and 
as a mordant in dyeing. Solutions of sodium 
tungstate dissolve relatively large amounts 
of tungstic acid forming numerous complex 
tungstates of which the paratungstatc is the 
best known ; this salt, which comes into 
commerce under the name “ tungstate of 
soda,” crystallizes in transparent triclinic 
crystals having the composition 5Na,0, 
12\VO„ 2811,0. The metatungstates arc 
derived from the acid H B W 4 O ia , GH t O, which 
can be obtained in the form of colourless 
crystals soluble in water. Solutions of 
metatungstates, therefore, give no precipi¬ 
tate of tungstic acid when boiled with 
mineral acids. With the exception of the 
lead and mercurous salts all the metatung- 
states are soluble in water. 

Tungsten. Symbol W. At. no. 74, At. 
wt. 183-82. The metal occurs in nature 
chiefly as wolframite, a tungstate of iron 
and manganese, and as schcelitc, calcium 
tungstate ; both minerals arc generally 
associated with tin ores. Decomposition of 
the ores with concentrated hydrochloric 
acid affords a residue of tungstic acid which 
is purified by dissolution in ammonia and 
reprccipitation with hydrochloric or nitric 
acid. The purified tungstic acid is heated to 
redness to obtain tungsten trioxidc which, 
on heating at 1100 °- 1200 a in a current of 
hydrogen, is reduced to a heavy grey crystal¬ 
line powder of the pure metal. Compact 
ductile tungsten cannot be prepared by melt¬ 
ing this powder, but is readily obtained by 
compressing it into bars under high pressure 
and sintering these bars in an atmosphere 
of hydrogen by passing through them such 
a current as will heat them to a temperature 
just below the melting-point. The sintered 
bars are then worked by swaging into rod 
at a bright red heat, and finally the rod is 
drawn into wire passing it through dies at 
gradually decreasing temperatures. 

Compact tungsten has a colour resembling 
that of platinum, but unlike platinum it 
acquires “temper colours” on heating in 
air. It melts at about 3400% can be boiled 
in the electric arc, has d 19-2, sp. heat at 
20 ° 0 0358, mean coefficient of expansion 
(0°-500°) 4 6 x 10 •, and hardness (Moh s 
scale) about 7. 

Tungsten oxidizes in the air at a red heat 
forming the trioxidc but is not attacked by 
nitrogen. The halogens combine directly 
with it, fluorine at room temperature, and 
iodine at a bright red heat. It combines 
readily with carbon, silicon, and boron at 
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high temperatures forming very hard com¬ 
pounds which are used in making cutting 
tools. Sulphur and phosphorus arc without 
action on tungsten at any temperature. 
Compact tungsten is not appreciably 
attacked by any single acid, nor by aqua 
regia, but dissolves violently in a mixture 
of hydrofluoric and nitric acids. Solutions 
of alkuli hydroxides do not uttack the metal 
but fused alkuli hydroxides and carbonates 
dissolve it, the rate of dissolution being 
considerably increased by addition of 
oxidizing agents, such ns chlorates or 
peroxides, to the mixture. 

The chief uses of tungsten arc in the 
manufacture of filaments for electric lamps, 
cutting tools for high-speed lathe work, 
electrical contacts, and special alloy steels. 

Tungsten alloys. The most important 
alloys are the tungsten steels which contain 
up to 18 % of tungsten ; these steels 
arc of the air-hardening type and retain 
their hardness at temperatures up to a red 
heat. An alloy of tungsten with nickel and 
copper made by a powder metallurgy 
process has d 10-5 and is used for making 
radium containers, owing to its high 
screening power for the radiations. Stellite, 
an extremely hard alloy of tungsten with 
chromium and cobalt, is used for high-speed 
cutting tools. Electric contacts for switch- 
gear arc made from copper- and silver- 
tungsten alloys prepared by impregnating 
porous sintered tungsten shapes with silver 
or copper ; these arc not true alloys but 
simply intimate mixtures of the con¬ 
stituents combining the high electrical* 
conductivity of the silver or copper with 
the hardness and strength of the tungsten. 
See Stellite. 

Tungsten carbides. Two carbides, W,C 
and \VC, arc obtained by heating tungsten 
powder with carbon. \V,C melts at about 
2750°, while \VC is formed by a pcritectic 
reaction at 2000°. The two compounds form 
a eutectic at 2523°, 4-5 % carbon, and W*C 
also forms a eutectic with tungsten at 
2-175°, 1*5 °/ Q carbon. Both compounds 
arc extremely hard and arc used for making 
cutting tools and wire-drawing dies; for 
this purpose the carbide is ground with 
5-10 % of nickel or cobalt powder, the 
mixture is compressed under hydraulic 
pressure into compacts of the desired shape 
and these are sintered in hydrogen at about 
1350°. Various other metallic carbides, 
borides, silicidcs, or nitrides arc frequently 
added to the mixture to improve the 
mechanical properties. A double carbide 
of titanium and tungsten, obtained by 
melting tungsten and titanium with nickel 
in a graphite crucible and then dissolving 


the nickel in aqua regia, is also used for 
making cutting tools. 

Tungsten chlorides. Four chlorides are 
known. WCI„ WCI 4 , WCI„ and WC1„ as 
well as two oxychlorides, WO t Cl a and 
WOCI 4 . The hcxachloridc is formed us 
violet crystals, soluble in carl>on disulphide, 
by heating tungsten in a current of oxygen- 
free chlorine. It melts at 275°, boils at 
340°, and is only slowly decomposed by 
water. Reduction with hydrogen afTords 
the lower chlorides and heating in air or 
oxygen the oxychlorides. The pcutuchloridc 
melts at 248* and boils at 270", the trichlo¬ 
ride is infusible but decomposes into the 
di- and pcnta-ehlorides at a red heat. 
Reduction of the hcxachloridc with ulu- 
minium and powdered quartz affords the 
dichloridc ; this is soluble in hydrochloric 
acid, and on saturating the solution with 
hydrogen chloride yellow needles of 
H[W a Cl y ,H t O], aq. arc obtained. 

Tungsten oxides, Tungsten dioxide, WO„ 
is obtained as a brown umorphous powder 
by heating the trioxidc at a dull red heat 
in a current of hydrogen. If the reduction 
is effected at 900" in a very slow current of 
moist hydrogen the oxide may be obtained 
in the form of bronze-coloured spangles, 
d 12-1, but it is difficult to obtain it free 
from the blue intermediate oxide, W,0 4 . 
In a current of chlorine at 500"-000°, \VO a 
yields the oxychloride WOjCIj, and when 
fused with alkali tungstates various highly 
coloured “ tungsten bronzes ” arc formed. 

Tungsten trioxide, WO*, occurs naturally 
as tungstitc, and is the final product of the 
oxidation of tungsten or any of the other 
oxides in air. It is a bright canary-yellow 
powder, d 7- 10, insoluble in acids but 
soluble in alkali hydroxides or carbonates. 
It is used in the ceramic industry for im¬ 
parting a yellow colour to silicate glazes. 

Tungstic acid, H t W0 4 , is a bright yellow 
powder produced by boiling a tungstate 
solution with hydrochloric or nitric acids ; 
addition of acids to cold tungstate solutions 
produces a white precipitate of the hydrate 
H,\V0 4 , 11,0. Digestion of schcelite or 
wolframite with hydrochloric acid or aqua 
regia leaves a yellow residue of tungstic 
acid. Both the acid and its hydrate lose 
water at 100°-110°, leaving a residue of 
2\VO,, HjO, and at higher temperatures the 
trioxide is formed. Tungstic acid dissolves 
readily in ammonia, alkali hydroxide, and 
alkali carbonate solutions forming tung¬ 
states. It also has the power of forming 
highly complex acids of high molecular 
weight with a number of acidic oxides, such 
as phosphorus and arsenic pentoxides, silica, 
boric oxide, etc. All these acids are very 
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soluble in water and separate from their 
concentrated solutions in large crystals 
containing a large number of molecules of 
water of hydration. The best-known acids 
of this type arc phosphotungstic acid. 
H,[P(YV a Of)«],28H t O, colourless octahedral 
crystals, and silicotungstic acid, 
H,[Si(W t 0 f ),],28H,0. 

large colourless quadratic crystals. Both 
acids arc very soluble in water and in alcohol 
and form oily addition compounds with 
ether when their aqueous solutions arc 
shaken with an excess of this liquid. The 
ammonium, potassium, and silver salts of 
most of the other metals are soluble. -Most 
silicotungstatcs are also soluble and crystal¬ 
lize readily from their aqueous solutions. 
Both acids are used as reagents for the 
precipitation of alkaloids ; phosphotungstic 
acid is also used for the precipitation of 
proteins nnd as a meuns of detecting 
ammonin and |>otassium. Cadmium boro- 
tungstate is an extremely soluble salt ; its 
saturated solution in water has d 3*21 and 
is used as a medium for separating minerals 
by the “ sink and lloat " method. 

Turacin. A red pigment present in the 
feathers of the turaco, an African bird. It 
is a copper salt of uroporphyrin. See 
Porphyrins. 

Turanose, C lt H„O u , is the product, to¬ 
gether with glucose, of the mild hydrolysis 
of mclczitosc. It is fructopyranoso-G-a- 
glucosidc. It has M.I*. 137°, [a]o + 75*3*. 
It is of interest us being isomeric with 
sucrose, but differs in being a reducing 
sugar. 

Turbidity-point. Sec Indicators, tur¬ 
bidity. 

Turbine agitator. A development of the 
paddle agitator. The stirring member con¬ 
sists of a number of blades mounted on 
a rotor and revolving at a high speed, the 
force exerted on the liquid being mainly 
centrifugal. By inclining the turbine blades 
at a suitable angle and breaking up the 
vertical eddy currents so formed by baffle 
plates very efficient mixing can be obtained. 

Turkey red. See Alizarine. 

Turkey-red oil. This is a sulphonated 
castor oil. It consists chiefly of ricinoleo- 
sulphuric acid, ricinoleic acid, and anhy¬ 
drides of ricinoleic acid. It is used in the 
preparation of the cotton fibre for dyeing 
with Turkey red and as an anti-foaming 
agent. 

Turnbull’s blue is a generic term for the 
intense blue compounds which result from 
the interaction of a ferrous salt and potas¬ 
sium ferricyanide. When the Jatter is in 
excess the precipitate has the composition 

34 


KFe n [Fe m (CN),] and is known as Soluble 
Turnbull’s blue. This formula shows it 
to be isomeric with Soluble Prussian blue, 
which it resembles in passing into colloidal 
solution in the absence of electrolytes. It 
has been asserted that the two compounds 
are not only isomeric, but identical. When 
the ferrous salt is in excess the product is 
known as Insoluble Turnbull’s blue; it 
closely resembles the Insoluble Prussian 
blue, although the formula usually assigned 
to it, Fe, u [Fe'U(CN),l*, is quite different. 
Some workers, however, assert that Insoluble 
Prussian blue also contains potassium. 

Tutton, Alfred Edwin Howard (1801-1938). 
Bom at Stockport, Tutton studied at Owens 
College, the Royal College of Science, nnd 
at Oxford University. From 1895 till 
192*1 he served as H.M. Inspector of Schools 
(Technical Branch). Author of numerous 
books, Tutton made many original con¬ 
tributions to crystallography. He was 
elected F.R.S. in 1899 and was President of 
the Mincralogical Society from 1912 till 
1915. 

Twaddell. A degree Twaddell corre¬ 
sponds to a sp. gr. of 0 005, prefixed by 
unity. Thus a reading of 40 degrees on 
the Twaddell hydrometer means a sp. gr. 
of 1*2, and one of 20 degrees Twaddell is 
sp. gr. 11. The Twaddell scale is exten¬ 
sively used in the acid and alkali industries. 

Two-component system. A system con¬ 
sisting of two components ; such systems 
nre most commonly met with in problems 
involving the distillation of two liquids. 

Tyndall, John (1820-1893). Born in Co. 
Carlow, Ireland, Tyndall held posts in the 
Ordnance Survey and as a teacher before, in 
1848, he took up the study of science at Mar¬ 
burg. He was appointed professor of natural 
philosophy (1854) and superintendent (18G7) 
at the Royal Institution, lie discovered 
the “Tyndall effect’’—the detection of 
colloidal particles by their ability to diffract 
light rays. He was elected F.R.S. in 1852. 

Tyndall effect. When a beam of light is 
projected through a disperse system, the 
scattering of the light by the particles of 
disperse phase makes visible its path. This 
is known as the Tyndall effect. Colloidal 
sols as well as coarse suspensions show the 
effect,and a common example is the illumina¬ 
tion of dust particles by a ray of sunlight. 
The light thus produced by Tyndall scatter¬ 
ing is polarized. The scattering effect is 
greatest for light of low wave-lengths and 
so the Tyndall cone is usually bluish in 
colour. According to recent work even 
distilled water is not optically void when 
examined by ultra-violet light ; this is not 
due to impurities but is ascribed to the 
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presence of a few large polymerized water 
a K8 rc gates. See Colloid, Ultramicroscopc. 

Type-metal. See Tin alloys. 

Tyramine, p-P- Aminoethylphenol, 
C|H u ON. Colourless 
crystals, M.P. 164°, CH,-CH,-NH, 
soluble in 05 parts of 
water, 8 parts of boiling 
alcohol. A base found l J 
in ergot, and in putre- Oh 
fying animal tissues and 
certain cheeses where it is formed by 
bacterial action on tyrosine. It is usually 
made synthetically and has a weak and 
prolonged pressor action, resembling its 
derivative, adrenaline. 

Tyrian purple, Ci«H a O t N t Br a . 

CO CO 


B 

Purple vat dye of great antiquity. 
Occurs in the shell fish murex brandaris 
from which it was extracted for making 
royal purple. It has been synthesized by 
starting from a brominated intermediate, 
but it is of no commercial interest. 

Tyrocidine. A polypeptide, which has 
been obtained in crystalline form from 
cultures of If. brevis. It is active against 
both gram-positive and gram-negative 
bacteria. Owing to its haemolytic effect, 
it is more toxic than gramicidin. 

Tyrosinase is an enzyme of the oxidase 
class; it is responsible for the darkening 
of the cut surface of many plants and 
vegetables. It converts tyrosine first into 




a red substance and then into black melanin. 
It may be prepared from potato peelings, 
bran, fungi, etc. Preparations free from 
laccose and peroxidase are obtained from 
the meal worm ( Tenbrio molilor). It is 
most active between p a 0 and 8. Tyro¬ 
sinase also oxidizes other mono-phenols, the 
initial product being o-quinoncs; it is not 
the same os laccasc. It has been described 
fully by Kapcr ( Ergebnisse Enzymforschung, 
1932, 1, 270). 

Tyrosine, p-Hydroxyphenylalanine, 
C,H n O,N. Crystal¬ 
lizes in fine needles, * CH • COOH 

M.P. 314° - 818°. 

Slightly soluble in 
cold water, more sol¬ 
uble in hot. Insol¬ 
uble in alcohol. The 
naturally occurring substance is tovorota- 
tory, the specific rotation varying with the 
concentration. Tyrosine is the least soluble 
amino-acid obtained on the hydrolysis of 
proteins, and it is thus the easiest to prepare 
from protein hydrolysates. It is an essen¬ 
tial amino-acid, being needed by the body 
for the manufacture of the hormones 
adrenaline and thyroxine, and the pigment 
melanin. It can be detected by the red 
colour given on heating with a mixture of 
mercuric nitrite and nitrate. 

Tyrothricin. A mixture of the anti¬ 
biotic substances obtained by autolysis of 
cultures of B. brevis. It contains gramicidin 
and tyrocidine. It is too toxic for parenteral 
administration, being highly hicmolytic, 
but local application has been found 
effective in the treatment of streptococcal 
mastitis in cows. 


u 


Uleron. A trade name for 4-(4'-araino- 
benzencsulphonamido)-bcnzene-sulp h o n d i - 
incthylamide, C ll H l ,0 4 N,S l . 
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A colourless powder, slightly soluble in 
water, more soluble in alcohol. One of the 
early sulphonamides, which was introduced 
in Germany and found particularly effective 
in the treatment of gonorrhcca. 

Ultimate analysis. A determination of 
the percentage of every element in a com¬ 
pound without regard to its molecular 
structure. 

Ultracentriluge. In this device, intro¬ 
duced by Svedbcrg, colloidal sols are sub¬ 
jected to a force many times that of gravity. 


and sedimentation made to take place. By 
this means the molecular weights of sol 
particles may be determined and size dis¬ 
tribution determined. The sedimentation 
of large organic molecules in aqueous solu¬ 
tion can be accomplished by the ultra- 
centrifuge and even that of the heavy 
inorganic ions of caesium. 

Ultraflltration. This is a method of 
filtration in which particles of colloidal 
dimensions are separated from molecular 
and ionic substances by drawing the sol 
liquid through a membrane, the capillaries 
of which are very small. Membranes of 
collodion supported on filter paper are often 
used for this purpose, and may be formed 
in different degrees of porosity so that 
particles of different maximum size are 
retained. The mechanism of ultrafiltration 
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is not merely a sieve effect but the electrical 
conditions of the membrane and of the 
colloid are also important. 

Ultramarine, one of the most beautiful 
blue pigments, occurring rarely as a mineral 
but manufactured on a very large scale. 
It has the structural framework of a zeolite 
with S-atoms at the comers and centre of 
the unit cube. Each S-atom is surrounded 
tetrahcdmlly by four Na-atoms at a distance 
of 2-70 a. A Na-atom touches three 
oxygen atoms of the tetrahedral framework 
at a distance of 2-36 a. in addition to touch¬ 
ing a S-atom. Part of the sulphur may be 
in the form of SO, groups. Two types of 
ultramarine are known in industry : (i) those 
poor in silica, and (ii) those rich in silica, i.e. 
with an A1: Si ratio of 2:3. The colour 
becomes darker with increasing sulphur 
content. Lithium and thallium ultra¬ 
marines arc dark violet; calcium and zinc 
ultramarines arc almost colourless. If Sc 
rcpluces S the product is red, but if Tc 
replaces S the product is yellow, sp. gr. 
2-3-2-5, hardness 5-0. Common ultra- 
marine is made by heating china clay, 
sulphur, soda, silica, rosin, and salt-cake in 
crucibles or muffles. Ultramarine is the 
basis of lime-blue pigment, laundry blue, 
and other blue colours. It is decomposed 
on heating, so is useless as a ceramic 
colour. 

Ultramicroscope. When a beam of light 
is brought to a focus in a colloidal sol and 
the Tyndall effect ( q.v .) examined from 
above by means of a microscope, particles 
of colloidal dimensions arc made visible by 
the light which they scatter. By this 
means the presence and motion of particles 
as small as 5-10 m/i may be investigated. 

Although the actual particle is not 
visible in the ultramicroscope, but only 
the halo of scattered light, some idea of 
shape can be obtained, long or disc¬ 
shaped particles giving a peculiar twinkling 
effect. 

Ultra-violet light. The radiation which 
occurs beyond the visible violet light in the 
spectrum, i.e. light of wave-length less than 
about 3600 a., is termed ultra-violet light. 
It is possessed of much greater energy than 
visible radiation, and is generally much 
more effective in inducing photochemical 
reactions, but possesses much less pene¬ 
trating power, which power decreases as the 
wave-length becomes shorter. Ordinary 
glass is opaque to light of wave-length less 
than about 3600 a. Quartz is transparent 
down to about 1800 a., and is therefore 
used for making prisms and lenses in ultra¬ 
violet optical apparatus. 
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Umbellic acid, 2 :4-Dibydroxycinnamic 
acid, C # H,0 4 . A yellow 
powder, darkening at 
240° and decomposing 
at 200°. Soluble in 
alcohol and hot water. 

It occurs in asafeetida 
as an ester with its 
anhydride, umbelliferone. 

Umbelliferone, 7-Hydroxycoumarin, 
C,H 4 0„ crystallizes in 
needles, M.P. 223°-224°. 

Soluble in 100 parts of 
hot water; very soluble 
in alcohol. It occurs in 
many plants. 

Umbellulone, C, 0 II 14 O. 

An unsaturated dicyclic ketone found in 
the essential oil from the 
leaves of Vmbcllularia calx - 
fornica, with pungent mint¬ 
like smell. It is easily 
isolated by means of its com¬ 
pound with sodium sulphite, 
and has the characteristics 
B.P. 02 5°-93°/10 mm., 

0 950, njf 1-48325. faJ D - 
36-30°. It forms a charac¬ 
teristic semicarbazido-scmi- 
carbazonc, decomposing at 
217°. 

Umber. A natural ferric hydroxide 
often containing manganese dioxide. It 
is a brown powder much used ns a 
pigment. 

Uniaxial. All crystals except those be¬ 
longing to the cubic system exhibit double 
refraction. For light travelling along the 
principal axis of hcxagonul, tetragonal, and 
rhombohedral crystals there is no double 
refraction, and crystals belonging to these 
systems arc accordingly described as 
uniaxial. Orthorhombic, monoclinic, and 
triclinic crystals are termed biaxial. In 
another sense uniaxial means having 
physical properties in one direction only. 

Unimolecular films. On the basis of the 
formation of films one molecule thick, 
Langmuir proposed u general theory of 
adsorption which was successful in most 
respects. The idea of unimolecular films 
he postulated was soon supported l»v ex¬ 
perimental results. 
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Unit cell. Since in a crystal there is a 
regular repetition of some arrangement of 
atoms in three dimensions, in order to 
describe the structure of the crystal it is 
in general sufficient to describe that char¬ 
acteristic portion of the structure which, 
if indefinitely repeated in the directions of 
the three crystallographic axes, reproduces 
the structure of the crystal. This portion 
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of the structure is contained within a 
parallelopipcd termed the unit cell, whose 
sides arc parallel to the crystallographic 
axes. Sec Crystal structure. 

Unsaturated compound. This is a com¬ 
pound which has a double or a triple bond 
in its formula. 

Uracil, 2:6- Dioxytetrahydropyrimidine, 
C 4 H 4 0,N a . A colour¬ 
less crystalline powder, 

turning brown at 280 ° 
and melting at 338°, 
with decomposition. 

Sparingly soluble in cold 
water, readily soluble in hot. Sparingly 
soluble in alcohol. Uracil is a constituent 
of the nucleic acid portion of plant nucleo - 
proteins. Sec “ Nucleic Acids,” by Jones, 
and “ Nucleic Acids,” by Levcne and 
Bass. 

Uramil, C 4 H s 0 3 N„ is a colourless crystal¬ 
line substance. Does 
not melt below 400°. 

Insoluble in cold CO CHNH, 

water; soluble in \jiN_CO^ 

hot water. Prepared 

by the reduction of violuric acid. Forms 
salts with acids. Darkens on exposure to 
air. Forms murexide on boiling with 
ammonia. Oxidized by nitric acid to 
alloxan. 

Uranates. These arc derived from the 
acids H a U0 4 and II a U,0 7 , which arc known 
only in solution. They arc all insoluble, 
even those of the alkalis. The best known 
is sodium di- or pyro-uranate or uranium 
yellow, NaUjO,, 0H 2 O, which is made by 
precipitating a uranyl salt with sodium 
hydroxide and used in the manufacture of 
uranium glass. 

Uranium, U. At. no. 92, At. wt. 238-07. 
An element discovered in 1789 by Klaproth 
in the mineral pitchblende, which contains 
the oxide U,O g . Uranium was formerly a 
by-product of radium manufacture, but is 
now of great importance as an atomic energy 
fuel. It has three naturally occurring 
isotopes, “*U 0-006%, *”U 0-71%, * 3 *U 
90-28%. These are all radioactive. ,3, U 
emits a-particles, has a half-life of about 
5 x 1 O’ years, and is the parent of the radium 
scries. In an atomic pile it is converted into 
plutonium. ,3i U is fissionable with slow 
neutrons. It has been separated from * 3, U 
by gaseous diffusion of the hexachloride and 
by other methods and has been used in 
atomic bombs. 

Deposits of uranium ores occur in 
Colorado, in northern Canada, at Joachim- 
stal in Czechoslovakia, in the Belgian Congo, 
and elsewhere. In the manufacture of pure 
nu-tullic uranium the crude ores are converted 
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into uranyl nitrate, which is purified by 
extraction into ether, and the metal is 
obtained by electrolysis of the tetmfluoridc. 

Metallic uranium is a hard white metal, 
M.P. 1690°, D 4 ° 18-7. It is malleable and 
ductile and tarnishes in uir. Uranium is 
believed to be a member of an “ actinide ” 
scries analogous to the rare-earths. In its 
compounds it has valencies from two to 
six. See Atomic energy. 

Uranium oxides. Uranium forms three 
chief oxides. UO a , uranous oxide or 
uranium dioxide, is made by reducing 
U,O t with hydrogen. U,O t , urano-uranic 
oxide, occurs as pitchblende. It is u green 
powder made by heating the other oxides 
in oxygen or by heating uranyl acetutc. 
UO,, uranic oxide or uranium trioxidc, is 
yellow and is made by heating uranyl 
nitrate in oxygen. It is amphoteric, 
forming uranates with buses and uranyl 
salts with acids. 

Uranyl. The group UO, acts us a 
metallic radical forming salts with acids 
called uranyl compounds. These arc green¬ 
ish yellow very soluble substances, which 
fluoresce in solution. They form complex 
molecules with many salts. 

Uranyl acetate, UO,(CH,COO)„ 2H t O, 
is a yellow crystalline solid made by dissolving 
UO, in acetic acid. Its solubility is 7-7 
gm. in 100 gm. water at 15°. It is used in 
analysis as a reagent for sodium and 
phosphates. 

Uranyl nitrate, UO,(NO,)„ 0H,O. Often 

called uranium nitrate, it is made by the 
action of nitric acid on any oxide of 
uranium. It is a yellow crystalline solid, 
very soluble in water (200 gm. in 100 gm.). 
It is soluble in ether, can be purified by ether 
extraction, and this process is used in the 
manufacture of pure metallic uranium. 

Urao. See Trona. 

Urbain, Georges (1872-1938). Urbain was 
bom and educated at Paris. After teaching 
at the ficole alsacicnnc he became director 
of the research laboratory of the Compagnie 
generate d’Electricite in 1899. In 1905 he 
went to the ficole de Physique ct de Chimie 
and in 1908 became professor of inorganic 
chemistry in the University of Paris. His 
work has dealt chiefly with rare-earth and 
spectrum analysis. 

Urea, Carbamide. The formula appears 
to be as shown, but the 
distance between the C and 
the N is considerably shorter 
than would be expected from 
this formula. Crystallizes in colourless 
rhombic prisms, M.P. 132°, soluble in 
water and alcohol, insoluble in ether. 
It is a weak base, and forms salts with 
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strong acids. Urea was first obtained syn¬ 
thetically by WOhler in 1828 by evaporat¬ 
ing a solution of ammonium cyanate. It 
can be made by the addition of water to 
cyanamide, by passing water into fused 
phenyleyanamide, and by numerous other 
methods. It is made industrially by direct 
synthesis from carbon dioxide and am¬ 
monia. It occurs in human urine to the 
extent of about 2 %, being the chief 
nitrogenous constituent and the end product 
of protein metabolism. It is present in the 
urine of all mammals and in small quanti¬ 
ties in the blood of mammals and fish, 
being formed by the breakdown of arginine, 
which splits under the action of the enzyme 
arginase to ornithine and urea. Ornithine 
combines with ammonia and carbon di¬ 
oxide to form citrullinc, which takes up an 
extra molecule of ammonia to form arginine 
and complete the cycle. Urea may be 
detected by gently heating when it fuses to 
give biuret, which gives the biuret reaction. 
Further heating gives ammonia and am¬ 
monium cyanate. Urea gives an insoluble 
nitrate and oxalate. It can be estimated 
in urine and other substances by treatment 
with an alkaline solution of sodium hypo- 
bromitc and measurement of the nitrogen 
evolved or by Cole’s direct method of titrat¬ 
ing the ammonia formed by the action of 
the enzyme urease ; another method 
depends on the formation of an insoluble 
compound with xanthydrol. Urea is used 
to a large extent in the manufacture of 
plastics ; it has been tried as a fertilizer. 
Sec “ The Chemistry of Urea,” by Werner. 

Urea-formaldehyde resins. Urea may 
be condensed with formaldehyde to give a 
thermosetting clear resin. In industrial 
production the proportion of formaldehyde 
used in the condensation varies from the 
theoretical 2 molecular proportions (ad¬ 
hesive) to 1-5 molecular proportions (mould¬ 
ing materials). The condensation is usually 
carried out first under alkaline catalysis, 
while the cure is completed under acid 
catalysis. Urea-formaldehyde resins are 
compounded with fillers to modify their 
physical properties, usually with a view 
to increasing the form, stability, and 
mechanical strength of the resins. Plastics 
based on urea resins fall in the general 
category of the amino-plastics. Typical 
trade names include Beetle, Casco, Plaskon, 
Pollopas, and Scarab. 

Urease is the enzyme which changes urea 
to ammonium carbonate in the ammoniacal 
fermentation of urine. It is one of the 
enzymes which have been obtained in a 
microcrystalline state from the jack bean 
(Canavalia ensiformis) by Sumner in 1926. 


Uric 


Another source is the soya bean. Crystal¬ 
line urease is water-soluble, and has the 
composition of a protein; it is digested by 
pepsin. 

Ureides are compounds of urea witn 
organic acids. They arc closely related to 
many complex nitrogenous substances oc¬ 
curring in plunts and animals. With mono- 
carboxylic acids, monoureidcs arc formed 
by union of one acid molecule and diurcidcs 
by union of two acid molecules with urea. 
Dicarboxylic acids and a-hydroxy-aeids give 
cyclic ureides—examples of these are barbi¬ 
turic acid and hydantoin. They arc crys¬ 
talline colourless solids, sparingly soluble 
in water but soluble in alcohol. Decom¬ 
posed by alkalis. They have acidic pro¬ 
perties and form salts. 

Urethane, ethyl carbamate, 

NH a • COOCjHj. 

Colourless prisms, M.P. 49 o -50°, B.P. 184®. 
Very soluble in water and alcohol. Pre¬ 
pared by the action of ammonia on cthyl- 
chloroformate. It is a mild hypnotic 
which produces sleep without giving rise 
to unpleasant after-effects. 

Urethanes arc esters of cnrhumic acid. 
They are colourless crystalline solids, 
soluble in water, alcohol, and ether ; they 
distil without decomposition. Prepared by 
the action of ammonia on carbonic or chloro- 
carbonic esters, or by heating urea nitrate 
with alcohols. When heated with am¬ 
monia they form urea anil an alcohol. 

Urey, Harold Clayton (1893- ). Born 

at Walkcrton, Ind., Urey was educated at 
the Universities of Montana, California, and 
Copenhagen. After holding several teach¬ 
ing and research posts, he was appointed 
professor of chemistry at Columbia Univer¬ 
sity in 193*. He has been Editor of the 
Journal of Chemical Physics since 1933. 
Urey discovered the hydrogen isotope and 
isolated ” heavy water.” In 193* he was 
awarded the Nobel Prize. 

Uric acid, 2:0:8- Trihydroxypurine, 

C jH 4 OjN 4 . Exists in two tautomeric forms: 


N=COH 

HO.i C—NH 

\C°H 
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A colourless microcrystalline powder, odour¬ 
less and tasteless. It is not volatile, and 
breaks up on heating. Almost insoluble in 
water, but it decomposes in presence of 
water, so its apparent solubility increases. 
Insoluble in alcohol and ether, soluble in 
alkalis. It is dibasic and forms two series 
of salts. It occurs in small quantities 
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in human urine, the average daily ex¬ 
cretion being 0 0 gram, being excreted 
as the end product of nueleoprolein meta¬ 
bolism. In the excrement of birds and 
reptiles it is present as ammonium urate 
and is the chief nitrogenous substance, 
being formed from urea. It can conveni¬ 
ently be prepared by extracting reptiles* 
excrement with alkali and reprecipitating 
with acid. It can be synthesized by fusing 
glycine with ureu, and by other processes. 
It can be identified by the murexide re¬ 
action, which consists in evaporating to 
dryness in presence of nitric acid. On 
addition of ammonia a violet colour is 
given. 

Uricase, an enzyme present in the liver 
and kidney, oxidizes uric acid to allantoin 
and carbon dioxide. 

Uricolytic index. The ratio of nitrogen 
present in the urine as allantoin to that 
present as uric acid. It varies from a figure 
of 90 in the rat, to practically zero in man, 
according to the presence or absence of the 
enzyme uricase. 

Uridine, Uracilriboside, C,H It O,N g . 
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Uridine crystallizes in prismatic needles, 
M.P. 105°, [a]?® + 0-40°. It is a nucleoside, 
forming part of the ribosc nucleic acid mole¬ 
cule. 

Urobilin, C„II 44 0 8 N 4 . One of the yellow 
pigments of the urine. It is a reduction 


product of bilirubin, and has a similar 
structure with an opened porphyrin ring. 

Urocanic acid, /Mmidazole-acrylic acid, 
C«H 4 O t N t . 

CH=C—CH : CH • COOII 


A substance found in the urine of dogs 
after feeding large quantities of histidine. 
It is also formed by bacterial action on 
histidine. 

Urochrome. The chief yellow pigment of 
the urine. It appears to be formed in the 
body from tryptophan, but its chemical 
constitution is unknown. 

Uroerythrin. A pigment present in the 
urine that gives a pink colour to sediments 
of urates. It is normally present in very 
small amounts, but is excreted in greater 
quantities in certain diseases. 

Uronic acids. The substances generally 
described as gums and mucilages arc, in 
fact, polyuronides containing uronic acids 
in which the carboxyl groups arc free for 
normal salt formation. Most gums occur 
us calcium or magnesium salts. Both 
glucuronic and galacturonic acids occur, 
the former in association with xylose, the 
latter with arabinosc. The transformation 
from hexosan to pentosan is supposed to 
take place through the uronic acid. Mann* 
uronic acid polymers occur in marine algie. 
Pcctic acid is a polymer of galacturonic 
acid. 

Uroporphyrin. See Porphyrins. 

Urorosein. The name given to a sub¬ 
stance present in certain pathological 
urines which gives a red colour with con¬ 
centrated hydrochloric acid and sodium 
nitrite. It has been shown to be indole- 
acetic acid. 

Urotropin. See Hexamethylenetetramine. 
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Vachon, Alexandre (1885- ). Bom at 

St. Raymond, P.Q., Abb£ Vachon was 
educated at Laval and Harvard Univer¬ 
sities and at the Massachusetts Institute of 
Technology. In 1915 he was appointed 
professor of chemistry at Laval University, 
becoming Director of the Department of 
Chemistry in 1926 and subsequently Dean 
of the Faculty of Science. A member of 
the National Research Council of Canada, 
he was elected President of the Canadian 
Chemical Association in 1929, of the Cana¬ 
dian Institute of Chemistry in 1933, and of 
the Royal Society of Canada in 1934. He 


is the author of two books and numerous 
articles. 

Vacuum crystallizer. In this type of 
crystallizer a warm saturated solution is 
introduced into a vessel under a vacuum 
corresponding to a boiling-point of the 
solution which is lower than its actual 
temperature. As a result, vapour flashes 
off and cooling occurs through adiabatic 
evaporation. This plant is particularly 
efficient, since crystallization occurs as a 
result of both cooling and evaporation, so 
that a minimum quantity of mother liquor 
is returned to the process. 
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Valency. An atom A may combine 
with 2 atoms B, 3 C, or perhaps 4 D to 
yiejd the compounds AB„ AC,, and AI> 4 
respectively. Each atom has a particular 
capacity for combining with other atoms, 
known as its valency, which is measured by 
the number of hydrogen atoms (or equiva¬ 
lent atoms) with which one atom of the 
element will combine. Thus, one atom of 
hydrogen combines with one atom of 
chlorine to yield hydrogen chloride, HC1. 
One atom of sodium combines with one 
atom of chlorine to yield sodium chloride, 
NaCl. Ilencc chlorine has a valency of 1, 
and so has sodium. They arc univalent 
elements. Elements with valencies of 2, 3, 4, 
etc., arc termed bi-, ter-, quadri-valent, etc. 
(or di-, tri-, tctra-valent, etc.). The term 
valency is also used in a wider sense to 
denote the forces responsible for the com¬ 
bination of atoms. 

Valency electrons. Sec Valency, theory of. 

Valency, theory of. According to the 
theory of ntomic structure, the electrons 
surrounding the nucleus are rotating or 
capable of rotating in orbits. Each orbit 
is only able to accommodate a certain 
maximum number of electrons, and the 
orbits arc completely filled in the atoms of 
the rare gases, which arc inert, forming no 
chemical compounds. The number of elec¬ 
trons in the various orbits of the inert gas 
molecules are : 


Helium 

• 

. 2. 

Neon . 

0 

. 2, 8. 

Argon . 

# 

. 2, 8. 8. 

Krypton 

0 

. 2, 8, 18, 8. 

Xenon . 

0 

. 2, 8, 18. 18, 8. 

Radon . 

• 

. 2, 8, 18, 32, 18. 8. 


In every case, excepting helium, the outer¬ 
most orbit contains 8 electrons (an octet). 
It is assumed that every other atom strives 
to attain this stable octet in its outer orbit 
by taking up or losing electrons. This ten¬ 
dency is the reason for compound forma¬ 
tion, and valency bonds or linkages are 
formed by the transference or sharing of 
the outermost or valency electrons between 
one atom and another. 

The bond which occurs in a compound 
like sodium chloride, which ionizes in 
aqueous solution, is due to the transference 
of an electron from one atom to the other; 
in this case from the sodium to the chlorine. 
The process may be represented thus: 


Na* + .Cl: -► Na -Cl:, 


a polar, or clectrovalent bond (see Fajans’ 
Rule). 

In a molecule which cannot ionize, e.g. 
that of methane, the bonds are formed by 
the sharing of two electrons between each 
atom : 

4H«+ •£•-► H 

h?c;h 

H 

Such bonds, formed by the equal sharing of 
two electrons, arc termed non-polar or 
covalent bonds. 

Sometimes a bond is formed by the 
sharing of two electrons which come from 
one atom, e.g. 
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Such a bond is termed a co-ordinate link, 
or semi-polar bond. Sec also Covalcncy 
maximum, Singlet linkage, Covalent link, 
and Elect rovalent compounds. 

Valentine. Basil, is said to have written 
about the year 1470, but the books bearing 
his name were probably written by ThOldc 
about the year 1600. The best-known is the 
“Triumphal Chariot of Antimony,” first 
published in 1004. 

Valentinite. See Antimony trioxidc. 

Valerianic acids. Sec Vnlcric acids. 

Valeric acids. Valerianic acids, C,H 10 O,. 
n -Valeric acid. CII, CII t CH, CII, COOII, 
is a colourless liquid with an unpleasant 
odour, D*® 0 9387, B.P. 180 35°. Moder¬ 
ately soluble in water ; miscible with alcohol. 
Prepared from n-butyl iodide by the G'rig- 
nard reaction or by oxidation of n-ainyl 
alcohol. Isovaleric acid. 


CH, 

CH, 


^>CIICIIXOOH 


is a colourless liquid with the unpleasant 
odour of valerian, D‘ 7 • 0 9332, B.P. 17C 7°. 
Moderately soluble in water ; miscible with 
alcohol. Occurs in the roots of valerian and 
angelica together with an optically active 
form of mcthylethylacetic acid. Prepared 
by oxidation of isoamyl alcohol. A mixture 
of acids similar to that obtained from 
valerian roots is prepared by oxidation of 
fusel oil. 

Valine, a - Amino - isovaleric acid, 

CjH n O,N. 

CH,. 

>CH CH COOII 
CII/ | 

Nil, 


where the cross and dots represent electrons. 
Such a bond, which obviously confers 
polarity on the molecule (Na*, C1-), is called 
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Vanadium 


Crystallizes in white shiny leaves, M.P. 815°. 
Soluble in water. The naturally occurring 
substance is dextrorotatory, [aj* + 0-42°. 

It is one of the amino-acids obtained on 
the hydrolysis of proteins, and is most con¬ 
veniently prepared from plant seedlings. 
See “ The Biochemistry of the Amino- 
Acids,” by Mitchell and Hamilton. 

Vallez filter. The Vallez leaf filter con¬ 
sists of a scries of circular leaves mounted 
crosswise in a cylinder as in the Swcetland 
filter. In this type, however, they are 
carried on a slowly rotating central shaft 
which is hollow, and serves also as an 
diluent outlet. The slurry is fed in under 
pressure, the cake, when formed, being 
blown off inside the casing and removed by 
a screw conveyor, so that the drum need 
never be opened during normal operation. 

Vanadic acids and Vanadates. The vana- 
dic acids probably do not exist in the free 
state, either solid or in solution ; the vana¬ 
dates, however, form a well-defined and 
very large group of compounds. The 
simpler salts may be regarded as derived 
from the hypothetical ortho-, meta-, and 
pyrovanadic acids, HVO„ H,V0 4 , and 
H 4 V,0„ respectively. The meta vanadates 
are the most stable; orthovanadates, 
which arc of infrequent occurrence, arc 
rendily hydrolysed in solution, giving 
pyrovanadates. The vanadates arc oxidiz¬ 
ing agents. The alkali-metal salts are 
usually rendily soluble in water; in other 
cases the solubility varies. Sodium meta¬ 
vanadate, NaVOi, is manufactured by de¬ 
composing the commercial iron vanadate 
obtained in the working-up of vanadium 
ores with sodium carbonate or hydroxide; 
in solution it is decomposed by acids like 
other vanadates, giving hydrated vanadium 
pentoxidc or its colloidal solution. Sodium 
orthovanadate, Na,VO.. 1211,0, is prepared 
by adding excess of caustic soda to a solution 
of the pyrovanadatc, and crystallizing; it 
is isomorphous with Na,P0 4 , 12H,0. 

Sodium pyrovanadate, Na 4 V,0 7 , 18H t O, is 
formed by fusing vanadium pentoxidc with 
two molecular proportions of sodium car¬ 
bonate, extracting with water, and crystal¬ 
lizing. Other alkali-metal vanadates are 
prepared by similar methods, and vanadates 
of other metals are usually prepared by- 
double decomposition, using the alkali- 
metal or ammonium salts. 

Vanadium, V. At. no. 23, At. wt. 50 95. 
A hard grey or silvery metallic element, 
forming crystals having a body-centred 
cubic structure, a = 3-01 a., sp. gr. 6*0/22°, 
M.P. 1720°, hardness 7*5, sp. heat 0-120. 
Vanadium is non-magnctic. It can be 
cold-rolled into wire, becoming harder in 


the process. Vanadium was originally 
discovered by Manuel del Rio (1801), but 
was incorrectly stated by another investi¬ 
gator to consist of impure chromium ; it 
was rediscovered and named by ScfstrOm 
(1830). Vanadium occurs naturally as 
patronitc (V,S 4 + free sulphur) (particu¬ 
larly in Peru), carnotitc 

(2U t O„ V,O fc , K,0, 311,0) 

(from which vanadium is obtained as a 
by-product in uranium and radium extrac¬ 
tion), and vunadinitc (3Pb,(V0 4 )j, PbCI 2 ); 
smaller quantities are found in many other 
minerals. The methods of extraction vary 
in detail; generally the ore is roasted with 
sodium chloride or carbonate, and the 
product leached with water to remove the 
vanadium as soluble vanadates. Calcium 
and aluminium arc precipitated with sodium 
carbonate, and ferrous sulphate added to 
precipitate the vanadium as iron vanadate. 
Alternatively the roasted ore is extracted 
with sulphuric acid and the vanadium pre¬ 
cipitated as the pentoxidc by adding an 
oxidizing agent (e.g. a hypochlorite). The 
crude vanadate or vanadium pentoxidc is 
mixed with iron or iron ore and reduced 
with coke in an electric furnace, giving 
ferrovanadium, an iron-vanadium alloy 
generally containing 30 %-40 % of vnnn- 
dium. Pure vanadium metal is obtained 
with difficulty by reduction of the pentoxidc 
in an electric furnace, by a modified thermite 
process, or by electrolysis of a fused vana¬ 
dium salt. Pure vanadium retains its 
lustre in air, but bums incompletely to the 
pentoxidc on heating in oxygen. It also 
bums in chlorine (giving vanadium tetra¬ 
chloride), and reacts with nitrogen at a 
bright red heat to form a nitride. Vana¬ 
dium is unattacked by cold hydrochloric 
acid; hot concentrated sulphuric acid is 
slowly reduced, an oxide of vanadium being 
formed. Nitric acid readily reacts, giving 
vanadic acid. Vanadates are also formed 
by the action of fused alkalis on the metal. 
In its compounds vanadium shows a variable 
valency (2, 3, 4, 5, or (possibly) 7), aqueous 
solutions of the salts possessing various 
colours. Metallic vanadium is chiefly used 
(as ferrovanadium) in the manufacture of 
special steels, in which the metal has an 
oxygen- and nitrogen-removing (“ scaveng¬ 
ing ”) action, and also effects a more 
homogeneous distribution of carbon in the 
steel. Other vanadium alloys are also used 
commercially. Vanadium compounds are 
efficient catalysts in oxidation reactions, and 
are used as such in the contact process for 
sulphuric acid manufacture. In qualitative 
analysis vanadium is generally precipitated 
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with the hydroxides of iron ^um.muxn, and 
chromium, occurring as the vanadate** 
these metals. Hydrogen peroxide> 
a yellow to deep red colour in cold acid 
solutions of vanadates, the colour not 
being extracted by ether and ^naming 
unaffected on addition of phosphoric 
hydrofluoric acids. 

Vanadium bromides: , . . 

Vanadium tribromide, VBr,. is a • 
green or black deliquescent solid, P^pa^y 
the action of warm bromine on vanadium 
it gives a green aqueous solution, which on 
concentration in ooeuo gives a green crys¬ 
talline hydrate, VBr„ °“*°- . . k 

Vanadium oxytrxbromxde, VOBr,. is a darK 


illustrating the analogy between trivalent 
vanadium and iron, chromium, etc. 

Vanadium dichlorxde, \ Cl., is a g 
solid formed on passing vanadium tetra 
chloride vapour, mixed with hydrogen, 
Plough a red-hot tube ; with acids it gives 
_ violet solution which has a P ONserf 
reducing action. This solution mayalso be 
prepared by electrolytic reduction of a 
solution of vanadium pentoxide in hydro- 

* h Fanadiuni oxylrichloridt (vanadyl 

chloride). VOCl 3 , is the most readily prepared 
of all the vanadium halogen co "*P ou, ’ d ^ 
It is a light yellow mobile liquid, B.l , 

sp. gr. 1-81/15°, prepared by passing 

. . •_...Unm rtonlovwlc. 


Vanadium oxytribromide, VOBr,, is a dark sP-^- ^ ^ vnn#dlum pentoxide 
red. deliquescent, ^ome^hat unstable l q^ ; | b|y m|xcd with carbon, or by heating 

vanadium trichloride in oxygen. Vanadium 


rca, aim --- 

prepared by passing bromine vapour over 
red-hot vanadium trioxide. 


r -- vanadium tricnionac in - 

Miot vanadium tnox.de ox vtrichloridc is readily hydrolysed by water. 

Vanadyl dxbromxde, VOBr,, u % ytao 1 nentoxidc. but with cxeess of water 


powder obtained by heating the oxytri- 
bromidc to 180 °; it is probably present ... 
the blue solution of vanadium tetroxide in 
hydrobromic acid. 

Vanadium oxymonobromide, VOBr, is a 
violet crystalline solid, insoluble in water, 
prepared by heating vanadyl dibrom.de in 
vacuo. 

Vanadium Bronzes. Yellow or orange 
substances, probably consisting of partially 
reduced metallic vanadates or of acid am¬ 
monium vanadates, prepared by various 
methods, c.g. by treating a boiling solution 
of copper vanadate with sulphur dioxide. 

Vanadium carbides. The carbide VC, 
forming silvery-white crystals, M.P. 2750 , 
sp. gr. 5-25-5-4, is notable as being harder 
than quartz; it is prepared by heating 
vanadium pentoxide with sugar charcoal 
in an electric furnace. Other carbides, 
V.C, V,C„ V t c t . V,c, have been reported; 
some or all of these probably enter into the 
constitution of vanadium steels. 

Vanadium chlorides:— 

Vanadium tetrachloride, VC1 4 , is a reddish- 
brown viscous liquid. B.P. 154°. prepared 
by heating ferrovanadium in chlorine and 
extracting the tetrachloride from the distil¬ 
late with carbon tetrachloride. When kept 
dry it decomposes slowly into vanadium 
trichloride and chlorine; it is hydrolysed 
by water giving a blue solution of vanadyl 
dichloride. 

Vanadium trichloride, VC1 3 , is a peach- 
blossom coloured, very hygroscopic crystal¬ 
line solid prepared by heating vanadium in 
hydrogen chloride, or by boiling the oxvtn- 
chloride with sulphur. A green hexa- 
hydratc, VC1„ 6H,0, is prepared from the 
hydroxide, V(0H)„ and hydrochloric acid. 
Liquid ammonia reacts with the anhydrous 
trichloride, giving the salt [V(NH,)*)Clj. 


oxvtncnionac is n -- 

giving the pentoxide. but with excess of water 
a brown solution is formed, which turns blue 
on standing owing to reduction. 

Vanadyl dichloride, VOCl t . forms green 
deliquescent crystals, prepared by partial 
hydrolysis of vanadium tctrachlor.de or by 
reduction of the oxytrichlor.de with hydro¬ 
gen. Complex salts arc formed with 
hydrogen chloride and organic bases 

Vanadium oxxjmonochlorxde, \OU, is 
flaky brown solid prepared by heating 
vanadium trichloride with carbon dioxide 
for several hours. 

Vanadium fluorides:— 

Vanadium pentafluoride, VF*. is the only 
stable vanadium pcntahalidc ; it is obtained 
on heating the tetrafluoridc in nitrogen in 
a platinum tube, and forms a white solid, 
B.P. 111°, which is extremely sensitive to 
hydrolysis by water. 

Vanadium tetrafluoridc, M' 4 . is » de¬ 
liquescent and readily hydrolysed brown 
powder, prepared by the action of hydrogen 
fluoride on the tetrachloride. 

Vanadium trifluoride , VF„ is prepared by 
a similar method from the trichloride; it 
forms a greenish-yellow powder; a green 
trihydrate, VF„ 3H,0, is known The 
trifluoridc is a strong reducing agent, u 
forms numerous double fluorides in which 
the vanadium (co-ordination number six) 
probably occurs in a complex ion 


(c.g. VF.NH.F, 2H.O, 

18 or (NlI 4 )[VF 4 (H t O) t ].) 

Vanadium oxytrifluoride, VOF 3 , and Van¬ 
adyl difluoride, YOF., are prepared by the 
action of hydrogen fluoride on the corre¬ 
sponding chlorine or bromine compounds ; 
the former is a yellowish-white hygroscopic 
solid, soluble in water, and the latter a 
yellow powder. Both form a series of stable 
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double fluorides, those derived from the 
oxytrifluoridc being hydrolysed in aqueous 
solution to form double sails of vanadium 
dioxyfluoride, VO t F, which has not been 
isolated in a free state. 

Vanadium iodide. Only one iodide of 
vanadium is known, the hydrated tri- 
iodide, VI„ 0H,O; this forms green needle 
crystals prepared by reducing a solution of 
vanadium pentoxide in hydriodic acid elcc- 
trolytically until it becomes green, and 
crystallizing in presence of excess hydriodic 
acid. 

Vanadium nitrides:— 

The mononitride, VN, is an inert greyish- 
brown powder, prepared by heating vana¬ 
dium in nitrogen, or by igniting ammonium 
metavanadate and strongly heating the 
residue in dry ammonia gas. 

Vanadium dinitride, VN„ is obtained by 
passing nmmonia over heated VOCI,; it 
readily decomposes to VN and nitrogen, 
and evolves ammonia on exposure to 
air. 

Vanadium oxides. The principal oxide of 
vanadium is the pentoxide V s O„ which is 
obtained in the commercial treatment of 
vanadium minerals, and forms an important 
source of other vanadium compounds. It 
is prepared in a pure state by igniting am¬ 
monium vanadate or mercurous vanadate, 
the latter being precipitated on adding a 
solution of a mercurous salt to a neutral 
vanadate solution. Vanadium pentoxide 
normally occurs as a red, apparently 
amorphous powder, melting at 075° to a 
dark red liquid which can be vaporized 
only in the electric furnace; a yellow 
amorphous form is also known, und the 
amorphous forms give a red crystalline form 
on fusion and cooling. The pentoxide is 
very sparingly soluble in water ( ca . 0-90 
gin./litre); it dissolves in acids and alkalis, 
forming vanadyl salts and vanadates, 
respectively. It is a powerful oxidizing 
agent, generally forming lower oxides in its 
oxidizing reactions; acid solutions of the 
pentoxide arc very readily reduced to blue 
solutions containing quadrivalent vanadium 
compounds. Hydrated vanadium pent- 
oxides which have been regarded as vanadic 
acids, but which are not true acids, are 
formed on addition of acids to vanadate 
solutions. On shaking with water these 
hydrated oxides readily form a red sol of 
vanadium pentoxide, in which the particles 
carry a high negative charge ; on standing 
the colloidal particles form rod-shaped 
aggregates which confer peculiar properties 
(e.g. strong double refraction) on the sol. 
Vanadium pentoxide is used in the prepara¬ 
tion of catalysts for the contact process for 


sulphuric acid manufacture, and for certain 
organic reactions. 

Vanadium tetroxide, V,0 4 , is a black, blue, 
or green crystalline powder, M.P. 1037°, 
sp. gr. 4-399 ; it is prepared by heating the 
greyish-white hydrated tetroxide which is 
precipitated on adding an alkali to excess 
of vanadyl sulphate or vanadyl dichloride 
solution. The tetroxide is oxidized to the 
pentoxide by heating in air or by treatment 
with nitric acid. With other acids it gives 
vanadyl salts, containing the ion [VO]**; 
these are more conveniently prepared by 
treating a solution of vnnadiuin pentoxide 
in the corresponding acid with sulphur 
dioxide. Hydrated vanadyl salts and their 
solutions are blue, the solutions turning 
green on exposure to air. Vanadium 
tetroxide also dissolves in hot alkali solu¬ 
tions, giving salts known as hypovanadates 
or vanadites. 

A number of oxides intermediate in 
composition between vanadium pentoxide 
and tetroxide (e.g. V,0 4 , V,0 4 ), generally 
blue or green in colour, have been described. 

Vanadium trioxide or Sesquioxode (vann- 
dous oxide), V,0„ is a black or greyish- 
black powder prepared by heating the 
pentoxide in hydrogen at 900°-l000°, or in 
carbon monoxide; M.P. 19G5°, sp. gr. 
4-87. It is readily oxidized to the pent- 
oxide on warming in air, and forms blue 
V,0 4 on exposure for long periods at 
ordinary temperatures. The trioxide readily 
combines with chlorine, giving vanadium 
oxytrichloride, VOCI,. It is insoluble in 
alkalis and in most acids. Acid solutions 
containing salts derived from the trioxide 
are prepared by reducing solutions of the 
pentoxide with metallic magnesium; a 
greyish-green hydroxide, V(OII)„ is pre¬ 
cipitated from these solutions on addition 
of alkalis. 

Vanadium dioxide (Hypovanadous oxide), 
V t O„ is the lowest definite oxide of vana¬ 
dium. It is best prepared by heating 
vanadium oxymonochloridc, VOCI, in hydro¬ 
gen, when the dioxide is formed as a black 
powder. This dissolves in acids giving 
lavender-coloured solutions of hypovanadous 
salts; these solutions are better prepared 
by electrolytic reduction of solutions of 
vanadium pentoxide. The corresponding 
hydroxide, V(OH)„ is precipitated as a 
brown solid on addition of alkalis. 

Vanadium suboxide , V t O, has been de¬ 
scribed as a brown powder obtained on 
heating vanadium in air. Its individuality 
is very doubtful. 

Vanadium sulphates:— 

Vanadic sulphates, e.g. V,0„ 2SO„ V,0 4 , 
3SO,, have been obtained as red or yellow 
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crystalline solids by boiling vanadium pent- 
oxide with sulphuric acid. 

Vanadyl sulphate, VOSO. (which exists m 
two forms, one soluble and one msoluble .n 
water), and a number of acid vanadyl sul¬ 
phates, 2V0S0 1( H,S0 4 , *H,0 have been 
prepared as blue or green crysUllmc sol ds 
by treating vanadium tetroxide with su - 
phuric acid at 200 °, or by reducing a sul¬ 
phuric acid solution of vanadium 
with sulphur dioxide. Vanadyl sulpha e 
forms two series of blue soluble double 

sulphates, 2VOSO,, M,SO„ *H.O and 
VOSO,, M,SO„ iH.O, with sulphates of 
alkali metals. 

Vanadous sulphate, V,(S0 4 )„ is obtained 
in solution by reduction (electrolytic-ally, or 
with magnesium) of sulphuric acid solutions 
of vanadium pentoxide ; electrolytic reduc¬ 
tion of vanadyl sulphate solution gives two 
green acid sulphates, which leave anhydrous 
V,(S0 4 ), as an insoluble yellow powder on 
gentle heating of the solution in an atmo¬ 
sphere of carbon dioxide. Vanadous sul¬ 
phate forms alums, V,(S0 4 ),, M,S0 4 ,2411,0, 
and a series of double salts with alkali- 
metal sulphates. 

Ilypovanadous sulphate, VS0 4 , 7H,0, is 
formed as reddish-violet crystals from the 
violet solution obtained by careful reduc¬ 
tion (clcetrolytically or with sodium amal¬ 
gam) of a sulphuric acid solution of vana¬ 
dium pentoxide. It is isomorphous with 
FcS 0 4 , 7H t O, and gives double salts, 

VS0 4 , m,so 4 , 011,0. 

Vanadium sulphides. These occur ns 
black glistening scales, or black or brownish- 
black powders, which are readily oxidized 
to vanadium pentoxide and sulphur dioxide 
on heating in air. They dissolve in colour¬ 
less and yellow ammonium sulphide solu¬ 
tions, forming purple, wine-red, or brownish 
solutions. They are only slowly attacked 
by acids, except nitric acid, which reacts 
readily. 

Vanadium pentasulphide, V,S„ sp. gr. 

3- 0, is prepared by long heating of the tri¬ 
sulphide with excess sulphur; it differs from 
the lower sulphides in being soluble in 
caustic alkalis, probably forming thio- 
vanadates. 

Vanadium trisulphide, V,S„ sp. gr. 3-7- 
4 0, is the most stable sulphide of vanadium. 
It is prepared by passing carbon disulphide 
vapour for a long period over red-hot 
vanadium pentoxide, or by treating any 
chloride or oxychloride of vanadium with 
hydrogen sulphide at a red heat. 

Vanadium monosulphide, VS, sp. gr. 4-2- 

4- 4, is obtained in an impure state by the 


action of hydrogen sulphide on vanadium 
dioxide. 

van der Waals. • See Waals. 
van der Waals’ adsorption. The adsorp¬ 
tion of inert materials at a surface can only 
be physical in action and in many cases, 
especially at low pressures, capillary con¬ 
densation cannot be operative. The reason 
for such adsorption is assumed to be mole¬ 
cular attraction such as it is necessary to 
postulate to explain the liquefaction of the 
inert gases. As this attraction corresponds 
to the quantity b in the van der Waals 
equation, this type of physical adsorption is 
often referred to as van der Waals’ adsorp- 
tion. 

van der Waals' equation. Heal gases 
do not obey the ideal gas laws to a high 
degree of accuracy. The deviations can 
be attributed mainly to the fact that the 
gas molecules occupy an appreciable volume 
and to the attraction which the molecules 
exert on each other. These effects were 
taken into account by van der Waals 
(1873) in the equation 

(p + a/o*)(t> - *>) - KT 

where a and b are constants characteristic 
of each gas. The term «/«•* allows for the 
reduction of pressure from the ideal value 
owing to intcrmolccular attraction, and 0 , 
the “co-volume,” allows for the volume 
occupied by the molecules; it is about four 
times the actual volume of the molecules. 

Vanillin. C.H.O,. Fine white needles, 
M.P. 81°-82% B.P. 285°, strong 
vanilla odour, characteristic 
taste. Slightly soluble in cold 
water, readily in hot water, 
alcohol, and ether. Aqueous 
solution gives a blue-violet 
coloration with ferric chloride. 

It occurs extensively in nature, and is the 
odoriferous principle of the vanilla pod ; it 
can be obtained from the glucosidc coni- 
ferin. Usually prepared by the oxidation of 
eugcnol, the chief constituent of oil of 
cloves. It is made on a large scale in 
Canada and the United States from by¬ 
products from the wood-pulp paper industry. 

Used for flavouring chocolates and con¬ 
fectionery and in the manufacture of 
liqueurs and perfumes. 

Van Slyke, Donald Dexter (1883- ). 

Van Slyke was bom at Pike, New York, 
and educated at the University of Michigan. 
Joining the Rockefeller Institute for Medical 
Research in 1907 as a research chemist 
he became chief chemist at the hospital 
there in 1914. llis work, which includes 
researches on blood analysis, gasomctric 
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microanalysis, respiratory and renal re¬ 
actions, diabetes, and nephritis, gained him 
the Conn6 Medal for 1930. 

van’t Hoff, Jacobus Heinricus (1852-1011). 
Born at Rotterdam, van’t HofI began, in 
1872, his first experimental investigations 
in the laboratory of KekulC at Bonn. In 
1874 he published his epoch-making theory 
of the “ tetrahedral carbon atom ” and ten 
years later his “ Etudes dc Dynamique 
Ghimique,” one of the classics of chemical 
science, which led van’t Hoff, in 1880, 
to the enunciation of the osmotic theory 
of solutions. In 1890 he accepted election 
to the Academy of Berlin and appointment 
as honorary professor in the University. 
There he spent the remainder of his life 
studying the problems of solution and the 
conditions of formation and separatiou of 
the salts of the Stassfurt deposits. Sec J. 
Chem. Soc., Mem. Lcct., 1913, p. 1127. 

van’t Hoff’s Equilibrium box. Sec Equi¬ 
librium box. 

Vapour density. The vapour density of a 
substance is the ratio between the weight 
of a given volume of its vapour and that of 
the same volume of hydrogen measured 
under the same conditions of temperature 
and pressure. In view of the general 
adoption of oxygen as a standard in place 
of hydrogen, the comparison is now made 
with the same volume of oxygen, the weight 
of this being fixed at sixteen exactly. 

Vapour pressure. Over every liquid (or 
solid) there is a certain pressure of its 
vapour. In a closed vessel after a sufficient 
time equilibrium is set up, so that as many 
molecules leave the liquid surface to form 
vapour ns return to it from the vapour 
phase to form liquid. The pressure of 
vapour above any liquid or solid at any 
temperature, when equilibrium obtains, is 
called the vapour pressure of the liquid or 
solid at that temperature. 

Vapour velocity. The linear velocity of 
the vapour passing up a distillation column. 
Proper adjustment of the vapour velocity 
is important from the point of view of 
plate efficiency and entrainment. 

Varianose is one of the complex poly¬ 
saccharides synthesized by mould fungi, 
viz. PenicilHum variant. It is stated by 
Haworth and Raistrick to consist of a 
chain of 6 to 8 galactopyranose units 
joined through carbons 1 and 4 in neigh¬ 
bouring units. This chain has a glucose 
unit at one end and a very rare sugar, 
cither altrosc or idosc, at the other. 

Vaseline is a trade-name for soft paraffin. 
Yellow and white varieties are made and 
arc semi-solid, partly translucent mixtures 
of hydrocarbons of the paraffin series 


ranging from C„H„ to C 10 H„. They arc 
insoluble in water and acetone, but soluble 
in benzene, ether, and chloroform. Ob¬ 
tained from the high-boiling fractions of 
petroleum or shale oil. They arc chemically 
very inert, and arc used as bases for oint¬ 
ments and as dressings for wounds. 

Vasopressin. Sec Pituitrin. 

Vat dyes. These are dyestuffs insoluble 
in water. However, their “ leuco ” com¬ 
pounds (after reduction) arc soluble in 
dilute alkali. In this condition they lmvc 
a great affinity for the fibre, and can be re¬ 
converted rcudily into the dyestuff by 
the uction of weak oxidizing agents. 

After being impregnated with the reduced 
dye in alkaline solution the fibre is exposed 
to the action of the air to cause the re- 
oxidation of the leuco-eompound to the 
insoluble dyestuff. The vat dyes arc 
among the fastest known. To this class 
belong indigo and indanthrenc. 

Vauquelin, Louis Nicolas, was born in 
1703 and became assistant to an apothecary 
in Rouen. In 1780 he went to Paris, and 
entered the laboratory of Eourcroy. He 
became professor of chemistry at the Jardin 
des Plantes, and later professor of the 
Medical Faculty. He discovered chromium, 
and first made known the clement beryllium. 
With Rol>cquct he isolated asparagine. 
With dc la Grange he discovered camphoric 

acid. He died in 1828. 

Vel&n. A complex organic compound, sol¬ 
uble in water, and made by Imperial Chemi¬ 
cal Industries Ltd. Fabrics treated with a 
solution of vclon are water-repellent. 

Velocity ol reaction. The velocity of a 
chemical reaction is the weight of the 
reactants transformed, or the weight of the 
reaction product produced, per unit of 
time. The velocity is generally expressed in 
gram molecules, or gram atoms, per second. 

Venable, Francis Preston (1850-1034). 
Venable was bom at Farmvillc, Virginia, 
and studied at the Universities of Virginia 
and Gottingen. From 1880 onwards he 
was professor of chemistry at the Uni¬ 
versity of North Carolina, becoming presi¬ 
dent of the University in 1900, and retiring 
as professor-emeritus in 1930. He wrote 
numerous papers, chiefly on zirconium, 
and was president of the American Chem¬ 
ical Society in 1905. 

Ventzke. The Ventzke scale is a polari- 
metric scale used in the sugar industry. 
100° Ventzke is the rotation obtained when 
26 grams of sucrose are dissolved in 100 
cubic centimetres of water and the solution 
observed in a 20 centimetre tube at 17-5°. 
One degree Ventzke corresponds to 0-345 
angular degrees. 
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Verbascose 

Verbascose, C,.H„0,.. is 
ramnose; the exact structure “ 

It crystallizes in aggregates of 

needles, M.P. 219°, [a] D + 1™ • 
Verbenone, C 10 H l4 O. 

CH, 

i 
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An unsaturated ketone found in Spanish 
verbena oil in association with a - and 6-cit- 
rals. These latter are removed by conden¬ 
sation with cyanoacetic acid. Both d - and 
Z-vcrbenoncs arc produced by the auto¬ 
oxidation of d- and Z-pincnes respectively. 
It is a colourless oil and smells both of 
camphor and peppermint. It has the 
constants M.P. 6-5°, B.P. 227°-228° </” 

0 0780, n" 1-49928, l<x] D 249-02°. It forms 
a crystalline scinicarbazonc, the d - and /- 
forms of which have M.P. 208°-209°, whilst 
the dZ-form has M.P. I 8 OM 8 I 0 . On oxida¬ 
tion verbenone forms pinonic acid. 

Verdet’s constant. A constant relating to 
the rotation of the plane of polarization of 
plane-polarized light in its passage through 
a transparent medium, when the medium is 
placed in a magnetic field. This pheno¬ 
menon is known as magnetic rotation. The 
light beam must travel in the same direction 
as the magnetic lines of force. The angle 
of rotation of the plane of polarization (w) 
is related to the length of medium traversed 
(Z) and to the magnetic field strength (II) 
by the expression to = <£ZH, the constant <f> 
being known as Verdet’s constant. It is 
important to note that magnetic rotation is 
not connected with ordinary optical activity. 
It is an effect shown by all transparent 
substances, whether or not they have 
asymmetric structure. 

Vermiculite. A complex hydrated alu¬ 
minium-iron-magnesium silicate, mined in 

the U.S.A. and Africa. It is a mica, built 
up in extremely fine layers containing 
moisture entrapped between the layers. 
On heating the water becomes steam and 


the flakes expand into very light cellular 
granules, which are used commercially as 
a packing material and in the building 
trade for insulating and fireproofing. 
Expanded vermiculite is extremely light, 
weiglung 5-8 lb. per cu. ft. It has M.P. 
about 1370°, and is chemically inert, bee 
Chem. and Ind., 194C, 195. 

Veronal. A trade name for Barbitone. 
Vibrating screens. Machines of this type 
consist of one or more slightly inclined 
screening surfaces mounted in a robust 
frame. To increase the capacity and 
prevent blinding the screening surfaces arc 
caused to vibrate. This may be done by 
mounting the screen on powerful springs 
and causing it to bear down on a scries of 
cams which rotate on bearing surfaces on 
the underside of the frame. An alternative 
method used in the Hum-mcr screen is to 
stretch the wire screen to a high tension and 
mount at some convenient point on the 
frame an electromagnet actuated by an 
alternating current. The magnet works 
against the springs on which the screen is 
mounted and in this way very rapid vibra¬ 
tion can be secured and blinding greatly 
reduced. 

Vibrational spectrum. Energy absorbed 
by a molecule may go to increase the vibra¬ 
tional energy of the constituent atoms 
relative to each other. Conversely, a 
transition from a state of higher to one of 
lower vibrational energy corresponds with 
the emission of energy, generally in the 
form of light, the frequency (i>) of which is 
related to the energy E lost in the transition, 
by the relationship E - hv. Vibrational 
transitions arc usually associated simul¬ 
taneously with rotational transitions, and 
give rise to bands in the near infra-red, 
characteristic of the vibrational and rota¬ 
tional changes, and called the vibration- 
rotation bands, which constitute the 
spectrum of the same name. 

Vicianin, C„H„O 10 N, a cyanophoric glyco¬ 
side obtained from the seeds of Vicia 
angustifolia, represents amygdalin in which 
one molecule of glucose has been replaced 
by arabinose, the sugar of the glycoside 
being vicianosc. 

Vicianose, C 17 H. 0 O l0 , is a disaccharidc, 
namely, ghicose-G-0-i.-arabinosidc, which is 
found as the constituent of several glyco¬ 
sides, notably gein, vicianin, and violutin. 
It forms colourless needles, M.P. 210°, 
( a ] D + 39-7°. It is not fermentable. 

Vicilin. A protein, belonging to the 
globulin class, found in the seeds of the pea 
and other leguminous plants. 

Victor Meyer’s method for determining 
vapour densities. This method consists in 
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determining the volume occupied by a 
known weight of the vapour. A small 
quantity of the liquid under examination is 
weighed in a small stoppered bottle. The 
liquid is then rapidly vaporized in a 
suitable apparatus when it expels an 
equivalent volume of air, which is collected 
over water, and is measured. 

Vinapas. A brand of insulating com¬ 
pound made from acrylic or vinyl polymers. 

Vinarol. A brand of polyvinyl compound. 

Vinegar is a dilute solution of acetic acid 
prepared by the oxidation of alcoholic 
liquors by various species of Acetobacter— 
usually Acetobacter accti. The amount of 
acetic acid is usually 4 %-10 %, depending 
upon the material used and upon the pro¬ 
cess. In England vinegar is obtained from 
malt, the sugars of which arc converted to 
alcohol by yeast. The alcoholic liquor is 
then allowed to trickle through vats filled 
with basket-work which has become coated 
with the Acetobacter ; air circulates 
counter-current to the liquor. This is the 
quick vinegar process. On the continent 
much vinegar is made from poor quality 
wine and is known as wine vinegar. It is 
made by the quick vinegar process or by the 
Orleans process. This consists of adding 
wine in small quantities to vats containing 
wine vinegar and withdrawing the vinegar 
from time to time. 

Vinyl, Ethenyl. The name given to the 
group CH,=CH—. 

Vinyl acetate, CH,: CHOOC • CH a , is a 
colourless liquid with an ethereal odour; 
its vnpour is lachrymatory, D** 0-0342, 
B.P. 73°. Insoluble in water; miscible 
with alcohol and acetone. Manufactured 
by passing acetylene into glacial acetic 
acid containing mercuric sulphate as catalyst. 
The temperature is kept at 25°-40° during 
absorption of gas. The vinyl acetate is 
distilled from the liquor. Some acetalde¬ 
hyde and ethylidene diacetate are also 
formed. Reacts with chlorine to give 
1 :2-dichlorocthyl acetate. It is readily 
polymerized by heating in presence of 
peroxides to give colourless resins. The 
process can be controlled and a wide 
variety of resins obtained. See Plastics. 

Vinyl alcohol, CH,=CHOH, has never 
been isolated but is supposed to exist as 
on impurity in commercial ether. Vinyl 
esters arc known and hydrolysis of these 
gives either acetaldehyde or a polymer of 
vinyl alcohol. The polyvinyl alcohols, as 
the polymers arc called, are resinous 
substances and are of industrial importance. 

Vinyl chloride, Monochlorethylene, 
CH,=CHC1, is a colourless gas. It is 
manufactured by passing acetylene and 


hydrogen chloride over pumice impreg¬ 
nated with mercuric chloride at 180 °; or 
by passing ethylene dichloridc over heated 
alumina. Forms an insoluble resin on 
standing. It is used, mixed with vinyl 
acetate, to form the vinylitc resins. See 
“ The Chemistry of Synthetic Resins,” 
Vol. II, by Ellis. 

Vinyldiaceton&mine, C,H It ON, crystallizes 
in colourless plates or prisms 
which readily absorb water 
vapour. Soluble in water 
and alcohol. Manufactured 
by condensing acetaldehyde 
with diacetonamine. Re¬ 
duced by sodium amnlgam 
to a secondary alcohol, 
vinyldiacetonalkaminc. 

Used in synthesis of 0- 
eucainc. 
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It dissolves in 


Vinyllormic acid. See Acrylic acid. 

Violaxanthin, C 40 H 44 O,. A carotenoid pig¬ 
ment, esters of which arc present in viola 
petals, M.P. 207°-208°. It can be detected 
by the blue colour given when hydro¬ 
chloric acid is added to a solution of the 
pigment in ether. 

Violuric acid, C 4 H,0 4 N„ is a colourless 
crystalline substance. 

Soluble in water and 
alcohol. Prepared by 
treating barbituric acid 
with a solution of sodium 
nitrite or by the action of 
hydroxylamine on alloxan. 
water to give a violet solution; forms salts 
with metals—these are intensely coloured. 
Reduced to uramil. Gives a blue colour 
with a solution of ferric chloride. 

Virginium. A name proposed for the 
element of atomic number 87, one of the 
alkali-metal family. The evidence for 
the natural occurrence of this clement 
is very doubtful, but it has been obtained 
by atomic bombardment. See Francium. 

Viscometer. An instrument for deter¬ 
mining the viscosity of fluids. 

Viscose. In the viscose process for the 
manufacture of artificial silk carbon di¬ 
sulphide is reacted with cellulose in alkaline 
solution to give cellulose xanthate. This is 
a viscous colloidal solution which when 
extruded into an acid solution regenerates 
cellulose as a yam or in sheets. More 
artificial silk is made by the viscose process 
than by any other. 

Viscosity. All fluids show a resistance 
to flow, which is called viscosity. Mobile 
liquids like water have a low viscosity, 
while treacle, which flows with greater 
difficulty, has a high viscosity. Viscosity 
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is compared in terms of the coefficient of 

viscosity. r . 

Viscosity, coefficient of. This »s the force 
required per unit area of fluid to maintain 
unit difference of velocity between two 
parallel planes in the fluid, one centimetre 
apart. The e.g.s. unit of viscosity is the 

poise. . , , 

Vitamins. The vitamins are substances 
other than proteins, carbohydrates, fats, 
and mineral salts, that are essential con¬ 
stituents of the food of animals. In their 
absence the animal develops certain de¬ 
ficiency diseases or other abnormal condi¬ 
tions. Vitamins might also be defined as 
substances that play an essential part in 
animal metabolic processes, but which the 
animal cannot synthesize, although certain 
animals can synthesize certain vitamins 
and all animals needing vitamin-D can 
manufacture it from crgostcrol in the 
presence of ultra-violet light. The vita¬ 
mins belong to no single class of chemical 
compounds and play various r6les in the 
body. Thus vitumin-C is an oxygen 
carrier, and several of the U vitamins 
act ns co-enzyme*. The conception of 
vitamins was formulated in about 1012. It 
was then believed that certain diseases, 
scurvy, beri-beri, rickets, and pellagra, 
were caused by the lack of certain sub¬ 
stances in the food, and it was also known 
that animals would not thrive on a diet 
of carefully purified substances containing 
adequate quantities of carbohydrates, pro¬ 
teins, fats and mineral salts. In 1915 it 
was shown that at least two factors were 
needed to supplement such an artificial diet, 
a fat-soluble factor and a water-soluble 
factor, later called vitamins A and It. 
Vitamin-D has since been shown to be 
a mixture of a number of different sub¬ 
stances. Vitamin-C, or ascorbic acid, the 
antiscorbutic factor, vitamin-D, the anti¬ 
rachitic factor, and others have since been 
discovered. 

Vitamin-/!. Vitamin-/! is the original 
fat-soluble vitamin. Its absence from the 
diet leads to a loss in weight and failure of 
growth in young animals, to the eye diseases 
xerophthalmia and night blindness, and to 
a general susceptibility to infections. The 
most fundamental effect of its deficiency 
is a keratinization of epithelial tissues. 
Vitamin-/! is present in animal fats, butter, 
yolk of egg, and in particularly large 
quantities in fish-liver oils, especially halibut 
liver oil. It has been shown that carotene 
is converted into vitamin-/! in the liver, 
hence good sources of carotene, such as 
green vegetables, are good potential sources 
of vitamin-/!. Vitamin-/! is structurally 


C: CH • CHjOH 

L. 


related to carotene. It has the empirical 
formula C^H^O and the structural formula 

V* 

ChTV-CH : CH • C : CH • CH : CH 
^H, i-CH, CH, 

CH, 

Two molecules of vitamin-/! are formed on 
hydrolysis of one molecule of ^-carotene. 
Vitamin-/! crystallizes in pale yellow needles 
with M.P. 04°. It is optically inactive. 
It is soluble in organic solvents and in¬ 
soluble in water. It is unstable in solu¬ 
tion when heated in air, but comparatively 
stable without aeration. It gives a 
brilliant blue colour with antimony tri¬ 
chloride (Carr and Price test), and it can 
be detected and estimated by this reaction 
and by absorption bands in the ultra¬ 
violet at 328 m/x. There nre also ab¬ 
sorption bands at 572 m/x and 010 m/x. 
The vitamin-/! potency of a substance can 
also be estimated by comparing the growth 
of rats on a vitamin-/l-frce diet to which the 
substance has been added with that of rats 
on a similar diet to which n standard pre¬ 
paration of ^-carotene has been added. 
The present international unit of vitamin-^ 
activity is 0 0006 mg. of ^-carotene. 

Vitamin- 11. The original vitamin-D has 
been shown to consist of a number of 
different substances. It has been sub¬ 
divided, purely arbitrarily, into vitamin-D, 
or aneurin and the vitamin-D, complex, 
which includes riboflavin, nicotinic acid, 
pyridoxine, pantothenic acid, biotin, p- 
aminobenzoic acid, inositol, folic acid, and 
probably other factors. Some of these 
substances have been shown to be necessary 
for the growth of certain micro-organisms, 
but have as yet not been proved to be 
necessary for mammalian nutrition. 

Vitamin-C. See Ascorbic acid. 

Vitamin-D. The anti-rachitic vitamin. 
The absence of vitamin-D in the food of 
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Vitamin-*,, which has been obtained as 
yellow crystals, M.P. 51°-52*, from chest¬ 
nut leaves and putrified fish meal, is 
2 : 8-difarnesyl-l : 4-naphthaquinone. 

Other substituted 1 :4 naphthaquinones, 
including the pigment phthiocol, also have 
vitamin-* activity. 2-Methyl-l : 4-naph- 
thaquinone is os active as vitamin-*! and 
can easily be prepared from ^-methyl- 
naphthalene. It is the most satisfactory 
commercial source of the vitamin. 

Vitamin-P. It has been found that 
certain pathological conditions of increased 
permeability of capillary walls in man and 
experimental animals arc not cured by 
vitamin-C, but are cured by a factor in 


_och 3 



lemon juice and other fruits. The name 
vitamin-P has been given to this factor 
or factors, which may be associated with 
hesperidin or derivatives of it. Ilespcridin 
is the 7-rhamnoglucosidc of 5:7:3'-tri- 
hydroxy-4- , mcthoxyllnvanonc. 

Vitellin. The chief protein of yolk of 
cg g. It is a phosphoprotein, containing 
about 1 °/ 0 of phosphorus. It can be 
obtained as a yellow granular powder, in¬ 
soluble in water, neutral salts, and dilute 
acids. 

Vitrain. A macroscopic constituent of 
coal which exists in thin horizontal bands 
up to 20 mm. thick. It has a bright 
glassy appearance, and fractures cither 
perpendicularly or conchoidally. It is 
usually free from all striations but some¬ 
times shows striations due to plant structure. 
(After Stopes.) 

Vitreosil. Sec Silica, vitreous. 

Volemitol, C T H,,0 7 , otherwise called sedo- 
heptitol, is the sugar alcohol present in 
Lactarius volemus. It crystallizes in slender 
needles, M.P. 153°, [<xj u + 2-2°. 

Volta, Alessandro (1745-1827). Born and 
educated at Como, Volta was appointed 
professor of physics at Como (1774), and 
professor of natural philosophy, Pavia 
(1779). One of the pioneers in electro¬ 
chemistry, Volta built his famous “ Couronnc 
de tasses,” and constructed the first voltaic 
cell. The “ volt ” is named after him. In 
1791 he was awarded the Copley Medal of 
the Royal Society. 

Vortex mixer. A machine widely em 
ployed for agitating liquids. It depends 

35 


Vulcanized 

upon the establishment of a vortex by a 
small propeller rotating at a very high 
speed, thus ensuring continuous vertical 
motion of the liquid in addition to the hori¬ 
zontal circulation produced by an ordinary 
paddle stirrer. 

Vulc&lock. A brand of rubber isomer. 
Vulcanite. See Ebonite. 

Vulcanization. The process of converting 
weak, plastic, inelastic, and soluble raw 
rubber into a strong, clastic, non-plastic, 
and insoluble material by combination with 
sulphur. The main processes are : 

Heat vulcanization, effected by heating a 
mixture of rubber and sulphur, or certain 
accelerators containing sulphur, with or 
without pressure, in the presence or 
absence of other compounding ingredients. 
Cold vulcanization, effected by dipping 
compounded rubber in a solution of 
sulphur chloride in a solvent such as 
carbon tetrachloride, carbon disulphide, 
or benzene. This method is limited to 
the manufacture of thin articles. 

Peachey process, effected by treating rubber 
at room temperature first with sulphur 
dioxide and then with hydrogen sulphide. 
This method is little used now. 
Radiovulcanization, effected by exposing 
compounded rubber to a high-frequency 
alternating magnetic field, the heat gen¬ 
erated in the rubber causing vulcanization. 
Self vulcanization, effected by incorporating 
in the rubber mix sulphur and an ultra- 
accelerator, or a sulphur-containing ultra- 
accelerator alone, which causes vulcaniza¬ 
tion at room temperature. 

Miscellaneous methods, using inorganic ma¬ 
terials (e.g. selenium or tellurium) or or¬ 
ganic substances (see Vulcanizing agents). 
Vulcanization of latex. See Vulcanized latex. 

Vulcanization coefficient. Percentage 
ratio of sulphur combined with the rubber 
hydrocarbon in vulcanized rubber. 

Vulcanized latex. The rubber particles in 
latex (9.0.) can be vulcanized without 
coagulation occurring by heating latex 
under pressure in an autoclave with finely 
divided sulphur or alkali polysulphides, or 
by treating latex at temperatures well 
below 100° with sulphur and an ultra- 
accelerator such as piperidine pentamcthyl- 
enedithiocarbamate or sodium isopropyl- 
xanthate. Vulcanized latex can be used 
for almost all of the processes for which 
normal latex is used, and dries to a coherent 
film of vulcanized rubber with high tensile 
strength. 

Vulcanized rubber. The material ob¬ 
tained from raw rubber by vulcanizing 
(see Vulcanization). The material is strong, 
elastic, and non-plastic, and can be given a 
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wide range of properties by the incorpora¬ 
tion before vulcanization of suitable com¬ 
pounding ingredients. Its chief disadvant¬ 
ages arc that it deteriorates (sec Ageing), and 
that it swells when in contact with many 
oils, becoming soft and tacky. Sec also 
Ebonite. 

Vulcanizing agents. Materials which 
bring about vulcanization. The most im¬ 
portant is sulphur, but selenium or tellurium 


arc used instead of sulphur for some ap- 
plicitions. Some sulphur-containing ac¬ 
celerators, such as tetramethylthiuram 
disulphite, effect vulcanization in the 
absence of sulphur. Other compounds, 
including antimony sulphide, dinitrobcnzcnc, 
trinitrobenzenc, and trinitrotoluene, have 
been used, but are not of great commercial 
interest. 


w 

Waage, Peter (1833-1000). Bom at 
Flekkefjord in Southern Norway, Waage 
was educated at Bergen Grammar School 
and the University of Christiania. Like 
many others, he entered chemistry through 
the portals of medicine. After studying 
in Germany for some time he was appointed 
in 1802 professor of chemistry in the Uni¬ 
versity of Christiania. He was associated 
with his brother-in-law, Guldbcrg, in the 
enunciation of the “ I.aw of Mass Action.” 
See J. Chem. Soc. t 1900, p. 591. 

Waals, Johannes Diderik van der (1837- 
1923). Born and educated at Leyden, van 
der Waals taught physics in a number of 
schools before, in 1877, he was appointed 
professor of physics in the University of 
Amsterdam. He built up a kinetic theory 
of the fluid state and, in 1873, introduced 
the von dcr Waals* Equation to give more 
accurately the relationship between pres¬ 
sure and volume of a gas. In 1910 he was 
awarded the Nobel Prize for Physics. 

Walden, Paul (1803- ). Born at 

Liwland, Walden studied at Riga, Leipzig, 
and Munich. He was appointed professor 
at the Riga Polytechnic (1894), director 
of the chemistry department, Academy of 
Science, Leningrad (1910), professor at 
Riga Hochschule (1918), and professor of 
physical chemistry, University of Rostock 
(1919). Known for the organic reaction to 
which he gave his name (“ Walden Inver¬ 
sion ”), Walden also carried out researches 
on the electrical conductivity of aqueous 
solutions and on non-aqueous solvents. 

Walden Inversion. A phenomenon dis¬ 
covered in 1895 by Walden. When one of 
the atoms or groups attached to the asym¬ 
metric carbon atom in an optically active 
compound is replaced by a different atom, 
the product is sometimes a derivative of the 
optical isomer of the original compound. 

It is thus possible to pass from one isomer to 
the other without the formation and separa¬ 
tion of a racemic compound. d-Malic acid, 
when treated with phosphorus penta- 
chloride, gives /-chlorosuccinic acid, which 
may be converted to /-malic acid by silver 


oxide or back to d-malic acid by potassium 
hydroxide. Similarly, /-malic acid is con¬ 
verted to d-chlorosuccinic acid which under¬ 
goes similar changes. The inversion always 
requires two substitutions, but it is not 
possible to determine which one is re¬ 
sponsible for the change in configuration ; 
nor is it possible to predict that a given set 
of substitutions will result in an inversion. 
No satisfactory theory has yet been pre¬ 
sented to explain the changes. 

Walker, Sir James (1803-1935). Born at 
Dundee, Walker attended the High School 
there. On leaving school he entered 
commerce, but, in 1882, he proceeded to 
Edinburgh University to study science, 
Later he studied at Dundee, Munich, and 
Leipzig. In 1894 he was appointed 
professor of chemistry, University College, 
Dundee, and in 1908 he received a similar 
appointment at Edinburgh University. 
His research work was mainly upon electro- 
synthesis of dibasic organic acids, ionisa¬ 
tion constants, hydrolysis, and amphoteric 
electrolytes. He was elected F.R.S, in 
1900, awarded the Davy Medal in 1920, and 
knighted in 1921. 

Walker, John (1781-1859). Born and 
educated at Stockton-on-Tces, Walker set 
up business as a chemist and druggist in 
his native town. In 1826 he invented the 
first friction match, known as the 44 Friction 
light.’* See “ The Centenary of the Friction 
Match ” (Miller Christy). 

Wallach, Otto (1847-1931). Born at 
Kfmigsberg, Wallach studied at Gottingen 
and Berlin. In 1870 he went to Bonn as an 
assistant and, with the exception of a brief 
period in Berlin with the Aktien-Gcscllschaft 
fur Anilin-Fabrikation, remained there until 
1889, becoming lecturer in 1873 and extra¬ 
ordinary professor in 1876. In 1889 he 
returned to Gottingen as ordinary professor 
of chemistry and Director of the Chemical 
Institute, and remained there until his re¬ 
tirement in 1915. His most important 
work dealt with the essential oils and the 
terpencs, and gained him the Nobel Prize in 
Chemistry in 1910. 
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Wash 

Wash mill. A mixing machine sometimes 
used in the manufacture of cement. It 
consists of a circular pit in which the charge 
is placed and covered with water, the actual 
mixing being carried out by rakes freely 
suspended from revolving shafts. 

Wash oil. The oil used for recovering 
benzol from coal gas; it may be either a 
medium light creosote oil obtained from the 
distillation of tar or a mineral oil such as 

"'washing thickener. This is a modifica¬ 
tion of the tray thickener, particularly 
applicable to continuous countercurrent 
decantation processes. The suspension to 
be washed is introduced into the top com¬ 
partment. from which a strong solution is 
drawn off as effluent, and passes in senes 
through all the other compartments, in each 
of which the sludge is rcpulped by addition 
of the overflow from the tray immediately 
below. In this way the concentration of 
soluble matter in the wash liquor increases 
in passing up the thickener and that in 
the sludge decreases in passing down to the 
discharge point. 

Waste heat coke ovens. When no re¬ 
generators arc used to preheat the air 
before combustion in the flues, the waste 
gases arc drawn off beneath the oven into 
a main flue which conducts them to the 
boilers for steam raising purposes. The 
boilers arc placed as near as possible to the 
battery, in order to conserve the sensible 
heat in the waste gases. 

Water, II,O. A colourless or faintly blue- 
green liquid (M.P. 0°, B.P. 100°, density at 
0° 0 90087). The density of water is a 
maximum at 4°, and the value at this tem¬ 
perature is defined as unit density. The 
latent heat of fusion of solid water (ice) to 
liquid water at 0° is 70-74 calorics per gram. 
The latent heat of vaporization of water to 
steam at 100° is 530-1 calorics per gram. 
In its chemical behaviour water behaves 
as a neutral oxide. It has only a slight 
conductivity for electricity due. it is be¬ 
lieved, to dissociation into the ions 11,0* 
and OH-. Molecules of water enter into 
the constitution of many crystalline salts 
(c.g. CuS0 4 , 5H a O), in which they may be 
reversibly held. The outstanding chemical 
reactions of water are : (a) its reaction with 
certain metals (c.g. Na, Ca, Fe) with more 
or less ease, with liberation of hydrogen ; 
(6) its reaction with oxides of non-metals 
(c.g. SO„ P,0 5 ) to form acids ; (c) its re¬ 
action with the halides of non-metals to 
form hydrogen halides and an oxy-acid ; 
( d ) its reaction with dissolved salts of a 
strong base and a weak acid or of a weak 
base and a strong acid, forming solutions 


with an alkaline or acid reaction (hydro¬ 
lysis) ; (e) its reaction with coke at high 
temperatures to form water-gas (C + H t O = 

CO + H,). 

The structure of liquid water has to some 
extent been elucidated by X-ray methods. 

It is believed that water contains groups of 
molecules oriented with respect to one 
another. These groups are being con¬ 
tinually formed and destroyed. The as¬ 
sociation of water molecules is explicable in 
terms of the formation of a bond between 
two hydrogen atoms belonging to different 
molecules. 

Water-glass. See Sodium silicates. 

Wave mechanics. The electronic theory 
of matter is confronted by certain diffi¬ 
culties which have only been overcome by 
assumptions of a very arbitrary nature. 
To overcome these difficulties by a general 
theorem, de Broglie and Schrodinger in¬ 
dependently devised systems of mechanics 
which are essentially mathematical, and 
may only be very approximately described 
in terms of physical pictures. According 
to de Broglie, every kind of particle is 
associated with a wave motion, phase 
waves or ^-waves, which is different from 
any of the radiations with which we are 
familiar. The interaction of these waves 
gives rise, however, to the familiar forms of 
radiation such as light. Wave-mechanics 
has led to a considerable clarification of 
many difficulties inherent in the older 
quantum theory and in the electronic 
theory of matter, but it is still necessary to 
use these conceptions because of their more 
concrete nature. 

Wave-number. The number of waves 
which occupy 1 cm. is the wave-number, 
c.g. the wave-length of violet light is 4000 a. 
= 4 x 10*‘ cm. ; the wave-number is 

4 x Yo^ = 2 5 x 10 * pcr cm> Wave- 
numbers are often loosely termed frequencies, 
and are denoted by the letter v. 

Waxes. The scientific term “ wax ” is 
defined as a fatty acid ester of an alcohol 
other than glycerol. This excludes some 
substances normally called waxes, for 
example, Japan wax, and includes liquids 
such as s|H-nn oil. The principal esters 
occurring in waxes are cetyl palmitate in 
spermaceti, ceryl palmitate in opium wax, 
ceryl cerotate in Chinese wax, and melissyl 
palmitate in bees’ wax. 

Wax tailings. Fractions rich in paraffin 
wax obtained by the distillation without 
steam of residues from the working up of 
certain types of crude oil. These fractions 
have little value, as they cannot be 
further worked up. The residue from this 
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destructive distillation is practically ash¬ 
free coke. 


Weidlein, Edward Ray (1887- ). Weid¬ 

lein was bom at Augusta, Kansas, and 
educated at the University of Kansas. Since 
1012 he has been associated with the Mellon 
Institute of Industrial Research, of which 
he became director in 1021. He was award¬ 
ed the Chemical Industry Medal in 1035 
and was president of the American Chemical 
Society in 1037. 

Weld decay. A phenomenon found on 
welding certain stainless steels of the 18/8 
type, causing a lack of corrosion resistance 
on cither side of the weld. It is due to 
the precipitation of the carbide in solution 
within the temperature range 500°-000° 
and the migration of these carbide particles 
to the crystal boundaries. It is overcome 
by adding small amounts of elements such 
as titanium giving the stainless steels of 
the 18 / 8 / 1/1 type. 

Welding is the joining of two pieces of 
metal together by means of fusion or by 
applying new inctal of similar composition 
to those to be joined. Wrought iron is 
self-welding as it can be joined by heating 
until it becomes plastic and then hammering. 
Most other metals arc not self-welding, 
but can be joined by fusing and adding 
molten metal. The heating can be ac¬ 
complished cither by a blow-pipe flame or 
by an electric arc. 

Weldon, Walter (1832-1885). Born at 
Loughborough, Weldon went to London in 
1851 to try to earn a living. In 1860 he 
founded “ Weldon’s Register of Facts and 
Occurrences in Literature, Science and 
Art." With no chemical training, he 
experimented upon the process for chlorine 
production at St. Helens and his work 
greatly cheapened this valuable product. 
He took an active part in the formation of 
the Society of Chemical Industry, and was 
elected F.R.S. in 1882. See J.S.C.I., 1885, 
pp. 517, 577. 

Welsbach, Auer von (1858-1929). Bom 
and educated at Vienna, Welsbach later 
studied chemistry at Heidelberg. Investi¬ 
gations which he carried out in 1884 in the 
laboratories of Bunsen at Heidelberg on 
the oxides of the rare metals led to the 
introduction of the incandescent gas mantle, 
originally known in Germany as the 
“ Aucrlicht.” 

Werner, Alfred (1866-1919). Bom at 
Mulhousc, Werner studied at Zurich and 
Paris. In 1895 he was appointed professor ; 
he studied the stereochemistry of oximes, 
but his greatest contribution to chemistry 
was his co-ordination theory of valency 


Whitaker 

(1893). lie was awarded the Nobel Pri7,c 
for Chemistry in 1013. 

Westron is a trade name for Acetylene 
tetrachloride. 

Westrosol. See Trichloroethylene. 

Wet-bulb temperature. The dynamic 
equilibrium temperature attained when 
a water surface is exposed to air under 
adiabatic conditions. 

Wet-bnlb thermometer. A thermometer 
in which the surface of the bulb is kept 
damp, water being allowed to evaporate 
adiabatically from it into the atmosphere. 
Comparison of the wet-bulb temperature so 
obtained with the atmospheric temperature 
enables the humidity to be calculated. 

Wetherill separator. Sec Magnetic 
separation. 

Wet process. Any chemical metallurgical 
process where an ore is leached or extracted 
by a solvent. 

Wet screening. A process in which 
water is added to the feed so that it reaches 
the screening plant in the form of a slurry. 

Wetting agents. In order to render 
water-repellent materials wcttablc by water, 
they arc often treated with surface-active 
compounds which arc capable of surface 
orientation and become adsorbed on the 
water-repellent material so that the hydro¬ 
philic part of the molecule projects. This 
being so, the surface is no longer hydro- 
phobic and can easily be wetted. 

Wetting agents arc, in general, very 
similar to emulsifying agents, but some 
specific compounds have been introduced, 
especially for wetting. One of the chief 
uses of wetting agents is to render hydro¬ 
philic organic pigment colours, many of 
which arc exceedingly water-repellent. 

Wetting-out agents are added to insecti¬ 
cide sprays for horticultural use, in order 
to make the spray liquid wet the surface 
of the leaves and the bodies of the insects. 

Wheatley cells. A type of scrubber 
packing consisting of small cells, each 
formed by a number of parallel plates. 

Whirling hygrometer. A type of wet- 
bulb hygrometer in which circulation of 
air over the bulb is obtained by rapidly 
whirling the thermometer mounted in a 
suitable frame. 

Whitaker, Milton C. (1870- ). Whita¬ 

ker was bom at Frazeysburg, Ohio, and 
educated at the University of Colorado. 
After commencing an academic career he 
joined the Welsbach Light Chemical Co. 
in 1902. In 1910 he was appointed pro¬ 
fessor of industrial chemistry and chemical 
engineering at Columbia University, which 
he left in 1917 to become vice-president 
and director of the U.S. Industrial Alcohol 
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Co., president of the U.S. Industrial Chemi¬ 
cal Co., and subsequently vice-president oi 
the American Cyanamid Co. Awarded 
the Perkin Medal ^1923. 

Whitby, George Stafford (188.- )■ 

Whitby was born at Hull and educated at 1 
London. From 1910 until 1917 he was s 
chief chemist to the Socitt* F.nanc.fcre des 
Caoutchoucs, Malay States, then going to 
McGill University, Montreal, where he be¬ 
came professor of organic chemistry «n 
1923. In 1929 he became Director of the 
Division of Chemistry, National Research 
Council of Canada, and in 1938 was ap¬ 
pointed Director of the Chemical Research 
Laboratory, Department of Scientific and 
Industrial Research. Teddington, England. 

He was president of the Canadian Institute 
of Chemistry in 1927 and first P«*| de "‘ ® f 
the Canadian Chemical Association in 19-8. 
His more important researches include work 
on rubber and organic antimony compounds. 

• White-heart process. Sec Malleable cast 
iron. 

White lead. Sec Lead carbonate. 

White liniment. Sec Oil of turpentine. 

White-metal alloys. Alloys of tin, lead, 
and antimony arc termed white-metal alloys. 
Tinner’s solder is 50 % l’b and 50 % Sn, 
while plumber's solder contains 00 } /0 * 1 

Tin and antimony alloy in all proportions. 
Britannia metal, consisting of about 90 % 
Sn and 10 % Sb. is the chief commercia 
alloy. If the antimony does not exceed I 
10 % it can be cold rolled, cast, stamped, 
or spun with case. 

Lead and antimony give alloys of the 
type-metal scries. They give sharp castings 
essential for good printing. Type-metals 
contain 80 % Pb, 20 % Sb, and sometimes 
a little bismuth. Fusible metal, used for 
boiler safety plugs, etc., contains 50 % Bi, 
25 % Pb, and 25 % Sn. 

Antifriction alloys and bearing metals 
arc also chiefly lead-tin-antimony alloys. 
Babbitt metal contains 88 % Sn, 8 % Sb, 
and 4 % Cu; magnolia metal 80 % Pb 
and 20% Sb, and Parson’s white bronze 
68 % Sn, 30 % Zn, 1 % Cu, and 1 % Pb. 
These arc typical, and they are characterized 
by plasticity and low coefficient of friction. 

White precipitate. Sec Mercuric am¬ 
monium chloride. 

White spirit. A solvent with a narrow 
distillation range, 150° to 200° or less, 
prepared from kerosene. 

Whitmore, Frank Clifford (1887-1947). 
Whitmore was born at N. Attleboro, 
Massachusetts, and educated at Harvard. 
He taught at Williams College, the Rice 
Institute, the University of Minnesota, 
and North-Western University, where he 


was professor of organic chemistry from 

1020 to 1924 and head of the department 
from 1925 to 1929. In 1929 he became 
dean of the School of Chemistry and 
Physics at Pennsylvania State College. 

His work on mctallo-orgamc compounds 
and aliphatic chemistry gained him the 
Nichols Medal in 1937, and in 1038 he was 
president of the American Chemical Society. 

Whitney, Willis Rodney (1808- )• 

Born at Jamestown, New York, Whitney 
was educated at the Massachusetts In¬ 
stitute of Technology, and later at Leipzig. 

He joined the staff of the Institute of 
Technology in 1890 and since 1908 has 
been non-resident professor of chemical 
research. In 1900 he became director of 
the research laboratory of the General 
Electric Co. He has been awarded the 
Willard Gibbs (1910), Chandler (1920), 
Perkin (1921), and Franklin Medals (1931). 
and was president of the American Chemical 
Society in 1909. 

Whole-number rule. This rule, proposed 
by Prout in 1810, states that the atomic 
weights of all elements arc simple multiples 
of that of hydrogen. The rule is on y very 
approximately true. The principle has 
been considerably illuminated in the light 
of the modern theory of atomic structure. 

Whytlaw-Gray. Robert. Whytlaw-Gray 
was educated at St. Paul’s School and 
University College, London, where lie 
worked under Rumsay on the rc-dcternnna- 
tion of the atomic weight of nitrogen and 
became assistant professor in 1908. In 
1914 he became a science master at Eton 
College and in 1923 professor of chemistry 
in the University of Leeds. He was elected 
a Fellow of the Royal Society in 1928 and 
delivered the Livcrsidgc Lecture to the 
Chemical Society in 1935. His more recent 
work has dealt with smokes. He retired in 
1945. 

Wieland, Heinrich Otto (187.- ). 

I Wieland was born at Pforzheim, Baden. 
After studying at Munich, Berlin, and 
Stuttgart he returned to Munich in 1909 as 
an extraordinary professor, and in 1917 was 
appointed ordinary professor of organic 
I chemistry at the Tcchnische Hochschulc. 

I In 1921 he went to Freiburg in a similar 
I capacity and remained there until 1925, 
when he returned to Munich in succession 
, to Willstatter. His researches have dealt 
chiefly with organic nitrogen compounds, 

. organic radicals, and oxidation reduction 
, processes, and his work on the bile acids, 

. etc., gained him the Nobel Prize in Chemistry 
? for 1927. 

, Wiley, Harvey Washington (1844-1930). 
e Wiley was born in Kent, Indiana. He was 
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appointed professor of chemistry at the 
Indiana Medical College in 1872 and at 
Purdue University in 1874. In 1883 he 
became chief chemist of the U.S. Depart- 
ment of Agriculture, where he remained 
until his resignation in 1912. His chief 
work consists in studies on the chemistry 
of sugar production, in developing the 
methods of agricultural chemical analysis, 
and above all in efforts to safeguard the 
public against food ndultcration. In this 
connexion he secured the passing of the 
Food and Drugs Act in 1906. 

Wilfley table. This separator consists 
of a sloping table across which is fixed a 
series of parallel cleats ending in a diag¬ 
onal line. The feed flows across the table, 
the heavier particles settling into the 
gullies between the cleats and being dis¬ 
charged at the side by imparting a jerking 
motion to the table. The lighter particles 
pass over the lower edge with the liquid 
overflow. 

Williams, Robert Runnels (1880- ). 

Bom at Nellorc, India, Williams was 
educated at Ottawa University, Kansas, 
and at the University of Chicago. He has 
been chemist to the Philippine Bureau of 
Science, the U.S. Bureau of Chemistry, 
the Melco Chemical Co., and the Western 
Electric Co. In 1923 he became chemical 
director of the Bell Telephone Laboratories. 
His chief researches have dealt with sub¬ 
marine and textile insulation and with 
vitnmin-B. Awarded the Willard Gibbs 
Medal, 1938. 

Williamson, Alexander William (1824- 
1004). Born at Wandsworth, Williamson 
was handicapped by delicate health, losing 
ultimately the sight of his right eye and 
much of the power of his left arm. After 
some months spent in the study of medicine 
at Heidelberg, he decided to take up 
chemistry and studied at Giessen and 
Paris. In 1849 he was appointed professor 
of analytical and practical chemistry at 
University College, London ; in 1855 he 
was elected F.R.S. and succeeded Graham 
in the chair of chemistry. Williamson’s most 
important work was in connexion with the 
theory of etherification. See “ Famous 
Chemists,” by Tilden (1921), p. 228. 

Williamson’s violet has the composition 
KFc n, [Fe ,l (CN) # ]II 1 0, identical with that 
of soluble Prussian blue (q.v.), but differs 
from it in its great stability to acids and 
alkalis. It is formed by the oxidation of 
Everitt’s salt, which is an isomcridc of ferrous 
potassium ferrocyanidc. See Fcrrocyanidcs. 

Willstatter. Richard WillstStter (1872- 
1942). Professor in Munich and Berlin, 
investigated alkaloids, chlorophyll, and 


other colouring matters of plants, enzymes, 
and other features of plant physiology. 

Wilson, Charles Thomson Ree9 (1809- 
). Bom at Glencorse, .Midlothian, 
Wilson was edueated at Owens College, 
Manchester, and the University of Cam¬ 
bridge. He was Jacksonian professor of 
natural philosophy, Cambridge, from 1925 
till 1931. Wilson is noted for his work on 
atmospheric electricity, particularly his 
detection of the paths of the nlpha-particlcs. 
Elected F.R.S., he was, with Professor A. 
Compton, awarded the Nobel Prize for 
Physics in 1927. 

Wilson, John Arthur (1890-1942). Bom 
at Chicago, Wilson was educated at the 
Universities of New York and Leeds. 
In 1910 he became chief chemist to the 
A. F. Gallun Sc Sons Corporation, which 
he left in 1929 to found the firm of John 
Arthur Wilson, Inc. He became president 
of this firm, of the Wilson Leather Co., 
and the Wisconsin Investment Co. Hi9 
researches dealt chiefly with leather chem¬ 
istry. Awarded the Chandler Medal (1928) 
and the Nichols Medal (1931). 

Wilson chamber. When electrons or 
other ionizing purticlcs pass through a gas, 
ions are produced which can act as centres 
for the condensation of water vapour. 
In the Wilson cloud chamber air saturated 
with water vapour is cooled by rapid 
expansion ; droplets of water arc then 
formed along the tracks of ionizing par¬ 
ticles, and with suitable illumination the 
tracks can be observed visually or photo¬ 
graphed. 

Windaus, Adolf (1870- * ). Born at 

Berlin, Windaus studied at Freiburg and in 
his native city, where he worked for a time 
with Emil Fischer. In 1901 he returned to 
Freiburg to carry out research on chole¬ 
sterol, the sterols, digitalis glucosides and 
similar cardiac poisons, colchicine, and 
imidazoles. In 1913 he was appointed 
professor of applied medical chemistry at 
Innsbruck, and in 1915 went to Gottingen. 
He was awarded the Nobel Prize in Chemis¬ 
try for 1928 for his work on the composition 
of the sterols and their relation to the 
vitamins. 

Winkler, Clemens Alexander (1838-1904). 
Winkler received his early training in 
chemistry at the School of Mines at his 
native town of Freiberg in Saxony. He 
rapidly established himself as an analyst 
and was appointed to the chair of chemical 
technology and analytical chemistry at 
Freiberg. He discovered the element ger¬ 
manium and made pioneer researches on 
indium. To his scientific he added great 
literary and musical gifts. 
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Wislicenus 

Wislicenus, Johannes Adolf 
The son of a Lutheran pastor of l.beral 
views, Wislicenus was bom at Klem 
Eiehstiidt, near Querfurt, but .n 1853, 
owing to the modernist v.cws of the father, 
the family had to find safety in America. 
Wislicenus obtained a post at Harva 
University and also conducted an analyt¬ 
ical laboratory in New York In 18o5, 
when the family returned to Europe, he 
resumed his studies at Halle where in 
1870, he became professor of chemistry 
at the Polytechnic. In 1872 Wislicenus 
went to Wurzburg and in 1885 succeeded 
Kolbe at Leipzig. He was one of the lead¬ 
ing organic chemists of his period, bee J. 
Chem. Soc., 1905, p. 508. 

Witherite, BaCOj, a naturally occurring 
barium carbonate discovered in 1781 by 
Dr. Withering. The only important de¬ 
posit is near Ilexlmm, Northumberland, 
though small deposits occur at Alston 
Moor, Cumberland, and near Matlock. 

It is used as a source of barium oxide and 
for preventing the formation of efflorescence 
on bricks, tilc9, and terra-cotta. For the 
latter, precipitated barium carbonate is 
preferable as the particles arc much smaller. 

It is sometimes used to precipitate sulphates 
when barium chloride is unsuitable. 

Witt, Otto Nikolaus (1853-1015). Born 
at St. Petersburg. Witt was educated at 
the Gymnasium and Polytechnic, Zurich. 
In 1873 he became an analytical chemist 
at the Vulkcn Iron Works and in 1874 
entered a printing works at Hardt. After 
a period of further study at the Polytechnic, 
he came to England to enter the colour 
works of Williams, Thomas, and Dower. 
Leaving England in 1879, he worked with 
various industrial concerns until, in 1880, 
he decided to take up teaching. In 1891 
he was appointed professor at Charlotten- 
burg. His many researches were chiefly on 
colour and chemical constitution and on 
the synthesis of azo-dyes. Sec J. Chem. 
Soc., 1910, p. 428. 

Wohler, Friedrich (1800-1882). Born at 
Eschcrshcim, near Frankfurt, Wohler after 
qualifying in medicine took up the study 
of chemistry. From 1825 till 1831 he 
taught chemistry in the Municipal Technical 
School at Berlin. Afterwards he became 
professor at the Technical School at Casscl 
and in 1830 professor of chemistry at the 
University of Gottingen. Wohler, by his 
synthesis of urea, bridged the gulf between 
organic and inorganic chemistry. He was 
the first to investigate the properties of 
aluminium. See J. Chem. Soc., 1883, p. 258. 

Wolff bottle. A form of gas-absorption 
apparatus in which the gas is passed over 
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the surface of the solvent. The hquid_ is 
contained in a series of stoneware or other 
suitable jars and flows right through the 
system, the concentration of the solution 
increasing from inlet to outlet. The gas flows 
in the reverse direction, through a second set 
of connexions above the surface of the liquid. 

Wollaston. William Hyde, was bom about 
the year 1707. and educated at Cambridge. 

He practised as a physician at Bury bt. 
Edmunds for some years, and afterwards 
in London. He learned how to punfy 
platinum and make platinum vessels, dis¬ 
covered palladium and rhodium, discovered 
the dark lines in the solar spectrum, and 
invented the reflecting goniometer, l or 
a time he was the secretary of the Koyai 
Society. He died in 1829. Sec Thomson s 

“ History,” II, p. 247. ... , 

Wood flour. Finely ground timber used 
in plastics, linoleum, and sheet metal 
work. For plastics the flour, which is 
segregated according to the type of timber, 
is graded according to particle size, 80 
mesh being standard for phenolic moulding 
powder production and 120 rncsli for 

amino moulding materials. , 

Wood naphtha. Wood spirit. Sec Methyl 
alcohol. 

Wood’s metal. Sec Bismuth alloys. 
Wrought iron, or Malleable iron, l bis 
is made from pig iron by a dccarburizing 
process. The pigs arc rcmcltcd and the 
carbon content reduced by admission of 
air. The other impurities, silicon, phos¬ 
phorus, and any iron oxide formed, arc 
squeezed from the metal by allowing it to 
“ ball " and then placing it under a steam 
hammer. The product, known as " bloom, 
is then re-treated and submitted to further 
hammering or passed through rolls. V\ hen 
a section of wrought iron is viewed under 
the microscope it shows a fibrous structure 
along the direction of rolling or hammering. 

Wrought iron is manufactured by (1) 
The Walloon or Swedish Lancashire Hearth 
process, or (2) The Puddling or Pig-boiling 
process. 

A typical analysis of wrought Iron is 
01 %-0 25 % C, 0 03 % S, 01 % Mn, 
0 01 % Si, 0 013 % P. 

Wrought iron melts at about 1530 and 
cannot be cast in a mould; at a bright red 
heat it can be hammered or rolled into 
various shapes, the former operation being 
termed forging. Raised to a white beat it 
becomes plastic, and if two pieces in this con¬ 
dition are placed in contact and hammered 
thev weld together, giving a perfect joint. 

Wulff-Bock crystallizer. This consists 
essentially of a slightly inclined, shallow, 
open trough which is supported on rollers 
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and made to rock gently from side to side. 
Coohng by natural convection occurs 
while the liquid flows from one end of the 
IZT * other. Large crystals are 
produced but the capacity is relatively small 
owing to the low rate of cooling. 

Wurtz, Charles Adolphe (1817-1884). 
B .°™ n * Strasburg, Wurtz was educated 
at the Protestant Gymnasium there before 
taking up the study of medicine. Later he 
took up the study of chemistry and was, for 
gany years, professor of chemistry at the 
•.cole dc Medicine and at the Sorbonne, 
Pam. He was editor of a ** Dictionnaire 
de Chemic Pure et Appliq U *e ” and after 
1808 one of the editors of the “ Annales 
dc Chimic et de Physique.*’ Discoverer of 
methyl- and cthylaminc, he gave his name 
to a method of synthesizing hydrocarbons. 
See Life by Gautier (1884). 

Wurtzite. This form of zinc sulphide 
gives its name to an important crystal 
structure type. It crystallizes in the hexag¬ 
onal system and the structure resembles 
that of zinc-blende in that in both struc¬ 
tures each Zn (S) atom is tetrahcdrally 
co-ordinated by four S (Zn) atoms. For 
wurtzite a - 3 84, c - 518 a. Examples 
of compounds crystallizing with this struc¬ 
ture include ZnS, ZnO, BeO. AIN, CdSe, 
etc. The structure is illustrated in the 
accompanying ligurc : 



Wurtz synthesis. Alkyl halides react with 
sodium in dry ethereal solution to give hydro¬ 
carbons. If cquimolccular amounts of two 
different halides arc used, then a mixture of 
three hydrocarbons of the types R—R, 
R—R', and R'—R', where R and R' re¬ 
present the original radicals, will be formed. 
The yields arc often poor owing to sub¬ 
sidiary reactions taking place. 

Wynne, William Palmer (1801- ). 

Born at Stafford, Wynne was eduented at 
the Royal College of Science, London. He 
was appointed professor of chemistry, School 
of Pharmacy (1902), and held the chair of 
chemistry. University of Sheffield, from 1904 
till 1931. For his researches he was elected 
to the Fellowship of the Royal Society. 


Xanthates. These compounds arc salts 
or esters of unstable acids of the type 

RO— C \ SH wl, cre R may be cither an 

alkyl or aryl group. The sodium salts are 
formed by treating an alcohol or some 
hydroxy compounds with carbon di¬ 
sulphide and sodium hydroxide or by 
treating a sodium alkoxidc with carbon 
disulphide. The esters are formed by 
treating the sodium salts with alkyl halides. 
The free acids arc very unstable ; other 
metallic xanthates are formed by double 
decomposition with the sodium salts ; 
the cuprous salts arc yellow and gave rise 
to the name “ xanthate.” Cellulose xan- 
thatc is formed in the viscose process for 
making artificial silk. Other xanthates are 
used in flotation processes and for the 
detection of certain metals. 

Xanthene ring system. The system 



numbered as shown. 


Xanthine, 2 - 0 - Oxypurine, C.H.OjN, 
A colourless crystalline 
powder with one molecule 
of water of crystallization, 
which it loses at 125°-130°. 

Decomposes without melt¬ 
ing. Sparingly soluble in 
water, insoluble in organic 
solvents. It is a breakdown product of 
nucleoprotcin metabolism, being formed from 
guanine by the action of the enzyme guanase 
and from hypoxanlhine by oxidation. It is 
itself oxidized in the body to uric acid. See 
“ Nucleic Acids,” by Jones, and 41 Nucleic 
Acids,” by Levenc and Bass. 

Xanthine oxidase. An enzyme present 
in the liver and other organs responsible 
for the oxidation of hypoxanlhine and 
xanthine to uric acid. It is identical with 
the Schardinger enzyme of milk. 

Xanthone, CuH.O,, Forms colourless 
crystals, M.P. 173°-174°. 

It is obtained by the action 
of heat on phenyl salicylate. 

It may be reduced to 
xanthene. It is the parent 
substance of the xanthone 
group of dyestuffs. 
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Xanthophyll. A name originally given to 
a substance of formula C„H M O a found 
with carotene in grasses, green leaves, and 
other vegetable sources. This substance 
has been shown to be two isomers, lutein 
and zeaxanthin , which are oxidation pro¬ 
ducts of a- and ^-carotene respectively. 
The name has been extended to include 
all hydroxylated carotenoids. The xantho- 
phylls arc yellow pigments that can be 
separated from carotene by extracting a 
solution of the mixed pigments in petroleum 
ether with methyl alcohol, in which the 
xanthophylls are preferentially soluble. 

Xanthopterin. C.H 4 0,N,. A yellow pig¬ 
ment obtained 
from the wings of 
butterflies as an 

amorphous hygro- .] n 

scopicmoss. M.P. NH—C—N=*C'H 

over 410°. It is 

practically insoluble in water but soluble in 
acids and alkalis. 

Xanthorhamnin. C^H^O*. is the glyco¬ 
side of Persian berries and other Rhamnus 
species. It is hydrolysed to rhamnetin 
(qucrcctin-7-mcthyl ether) and a triose 
sugar (rhamninosc) composed of galactose 
and rhnmnose (2 mols.). The sugar is 
attached in position 3. It crystallizes in 
golden-yellow tiny needles. 

Xanthosine, Xanthine riboside. Crystal¬ 
lizes in prisms. It docs not melt, but 

HN-CO 
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X-ray 

Xenon, Xe. At. no. 54, At. wt. 131-3. 
One of the inert rare gases of the atmo¬ 
sphere, isolated in 1898 by Ramsay and 
Travers from the least volatile portions of 
residues from the evaporation of large 
amounts of liquid air. It was identified 
by its spectrum and by its density. It 
occurs in the air to the extent of 1 volume 
in 170,000,000 volumes. Xenon boils at 
- 107° and melts at - 140°. Its density 
at the boiling-point is 3 00. Its solubility 
in water is greater than that of any of the 
other rare gases with the exception of 
radon, the absorption coefficient in water 
at 0° being 0-242. In the electrical dis¬ 
charge at low pressures xenon emits a 
blue luminescence; with a condensed dis¬ 
charge the colour changes to green. 

Xenylamine is a name for p-amino- 
diphenyl, CjjHjjN, 


O 



<X> H 


*» 


OH OH 

bH • ill • CH • dlH . ClIjOH 

darkens on heating. Slightly soluble in 
cold water, easily soluble in hot, [a]* —51-2° 
in alkaline solution. It is a nucleoside con¬ 
sisting of one molecule of xanthine, com¬ 
bined with one molecule of d-ribose. It is 
formed by deamination of guanosine. Sec 
Nucleoproteins. 

Xanthydrol, C„H l0 O a . Colourless needle- 
shaped crystals, M.P. 121°- 
123°. It is prepared by 
reducing an alcoholic solu¬ 
tion of xanthone with sodium 
amalgam. It reacts with 
urea to give a compound 
insoluble in alcohol, and is 
used as a means of estimat¬ 
ing urea in blood and urine ; for this purpose 
the urea is precipitated as the dixanthydryl 
compound which is then oxidized by excess 
standard dichromate solution, and the 
excess dichromate determined by iodo- 
metric methods. 



and substituted derivatives of it are called 
xcnylamincs. 

Xerogel. A method of classification of gels 
divides these into xcrogels which are 
relatively free from the dispersion medium 
and lyogcls which are rich in it. 

X-rays, arc electro-magnetic waves of 
short-wave length (1 A. ns compared with 
500 A. for visible light). They arc generated 
in various ways, including the bombarding 
of solids with electrons, when they arc 
emitted as a result of electron transitions 
in the inner orbits of the atoms bombarded. 
Each clement has a characteristic X-ray 
spectrum. 

X-rays may be detected cither by their 
power of blackening a photographic plate 
or with a fluorescent screen. They have 
great penetrating power which increases 
with their frequency, and owing to this arc 
used to photograph the interior of many 
solid objects, notably the human body. 

X-rays find wide applications in X-ray 
photography and in crystallography. Pro¬ 
longed exposure of the human body to the 
rays induces a dangerous form of dermatitis, 
and even sterility, but controlled exposures 
arc applied to alleviate cancer. 

X-ray spectrometer. An apparatus used 
in the X-ray study of crystals in which a 
fine beam of monochromatic X-rays im¬ 
pinges at a measured angle on the face of 
a crystal mounted in its path, and in which 
the intensity of the X-rays diffracted in 
various directions by the crystal is measured 
with an ionization chamber mounted on 
an arm of the spectrometer table, or is 
recorded photographically. 

X-ray spectrum. See X-rays. 
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X-ray tube. The apparatus employed 
for producing X-rays is termed an X-ray- 
tube. It consists essentially of an aluminium 
electrode, the cathode, and an anode 
(always called the anti-cathode in X-ray 
work), the surface of which is arranged at 45° 
to the axis of the tube. Under the influence 
of a high potential, cathode rays emitted by 
the cathode strike the anti-cathode, which 
emits X-rays. These are directed out of 
the tube by the sloping anti-cathode. 

Xylan. A hemiccllulose, which gives 
xylose on hydrolysis, and occurs in lignified 
cell walls, in the wood of deciduous trees, 
in the bran and straw of cereals, and in 
similar plant substances. 

Xylan from esparto grass has been 
obtained in a relatively pure state; it is 
made up of 18 or 10 xylopyranosc units 
with u terminal arabofurunose residue. 

Xylenes, C,H l0 . 



As usually obtained xylene is a colourless 
refractive liquid of characteristic smell, 
burns with a smoky flume, and is a mixture 
of the three possible isomers, namely 
o-xylcnc B.P. 144°-145°, m-xylenc B.P. 
138°-139°, and p-xylene B.P. 180-5 # -187°. 
It is insoluble in water, miscible with most 
organic solvents, very volatile in steam. 
It is obtained commercially by fractional 
distillation of coal-tar and is much used 
ns a technical solvent. It nitrates with 


difficulty. Oxidation with chromic acid 
or permanganate gives the corresponding 
dicarboxylic acids. 

Xylenols arc hydroxydimethylbcnzcncs 
of which six positional isomers arc possible. 
The pure substances are low-melting solids 
having the gcncrul properties of phenols. 
Xvlcnol is the name given to a mixture of 
the isomers separated from the phenolic 
fraction of coul tar and used as a solvent. 
The chlorinated derivative known as p- 
chloro-m-xvlcnol is used as a disinfectant. 

Xylidines, C.H n N, C«H s <CH,) t NH t . The 
mixture of isomeric xylenes obtained from 
coal-tar is usually nitrated without separa¬ 
tion of the isomers. Reduction of the 
nitroxylenes with iron and hydrochloric 
acid gives a mixture of five aminoxylencs 
or xylidines. 

The mixture of xylidines has been used 
as a first component for azo-dyes. The 
chief constituent of the mixture is “ m- 
xylidine ” (4-amino-m-xylenc). It can be 
separated by crystallization from glacial 
acetic acid. It is also U6cd for the prepara¬ 
tion of azo-dyes. 

Xylol. Another name for xylene. 

Xylonite. The British name forcelluloid, q.v. 

D-Xylosc, C 4 H, 0 Oj, is the pentose sugar 
of straw, cotton-seed hulls, and various 
hemicclluloscs, and of some glycosides, in¬ 
cluding the primevcrosidcs. The formulu is 
H Oil H 

HOCH, • C • C • C • CHO 
OH H OH 

It crystallizes in needles, M.P. 153°, [<x]+10°. 
It is not fermentable and behaves as the 
other sugars. 


Y alloy. Sec Aluminium alloys. 

Yatren. A trade name for Chiniofon. 

Yellow enzyme. Sec Cytoflavin. 

Yohimbine, C^Hj.OjN,. An alkaloid ob¬ 
tained from the 
bark of the West 
African tree, 
corynnnthe yo- 
himbe, and from 
quebracho bark 
in the Argentine. 

It crystallizes in 
colourless needles, 

M.P. 235°. Sol¬ 
uble in alcohol, 
sparingly soluble 
in water, dextro¬ 
rotatory. It is an 
aphrodisiac and is poisonous. 

Yperite. Sec Mustard gas. 

Ytterbium, Yb. At. no. 70, At. wt. 173 04. 


A rare-earth element. It was at one time 
thought that an oxide isolated by Marignac 
and named by him “ ytterbia ” was a pure 
rare earth-oxide, but it has since been 
shown to consist of a mixture of oxides of 
two elements, ytterbium and lutecium. 
Ytterbium is sometimes called neoytter¬ 
bium. The element has not been isolated. 
In its compounds it exhibits valencies of 
two and three, the latter being the more 
stable. The sesquioxide Yb,0, (ytterbia) 
is a white solid. Salts derived from it 
(e.g. YbCI,, 6H t O, or Yb,(S0 4 )„ 8H,0) are 
colourless, their solutions showing no char¬ 
acteristic absorption bands in the visible 
spectrum. Ytterbous chloride, YbCl„ has 
been prepared by reducing YbCI, with hydro¬ 
gen at G00°-630°. Ytterbous sulphate,YbS0 4 , 
has been prepared by electrolytic reduction 
of solutions of ytterbic sulphate. The 
ytterbous salts have reducing properties. 
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Yttrium, Y. At. no. 39, At. wt. 88-92. 
A rare clement which, on the basis of its 
occurrence and general chemical properties 
is usually classed as one of the rare-earth 
elements. Strictly, both yttrium and scan¬ 
dium arc to be regarded, with aluminium, 
as members of the B sub-group of Group III 
of the Periodic tabic. It was discovered in 
1794 by Gadolin in the clement gadolmite, 
of which it is a major constituent. It is a 
minor constituent of monazitc, and of many 
other rare minerals. The metal has not 
been prepared in the pure state. In its 
compounds yttrium is trivalent. Solutions 
of its salts, if these are formed from colour¬ 
less acids, exhibit no selective absorption 


in the visible spectrum. The element has 
no technical importance. The oxide Y a O, 
(yttria) is a white powder which, in common 
with the hydroxide , Y(OH)„ absorbs carbon 
dioxide from the air. The anhydrous chloride 
is colourless and hygroscopic, and forms a 
mono- and a hexa-hydrate. The anhydrous 
sulphate and its octahydrate arc known. 
The solubility of the latter in water de¬ 
creases with rise of temperature. The 
sulphide Y,S, is yellow. The nitrate 
Y(NO,)„ OHjO is isodimorphous with 
bismuth nitrate. Yttrium forms insoluble 
oxalates and phosphates, as do the rare- 
earth elements in general. 


Zeaxanthin, C M H M O a . 

CH^CH, 

■ CH : CH • C : CH • CH : CH • C : CH • CH : 

ho-Li i-CH, I:h, tH, 

One of the xanthophyll pigments present 
in various leaves, seeds, and fruits, and in 
yolk of egg. M.P. 207°. It is often present 
in company with lutein, of which it is an 
isomer. It bears the same relation to 0-curo- 
tcnc as lutein docs to a-carotcne. 

Zein. A protein, belonging to the pro¬ 
lamine class, present in maize. It can be 
obtained commercially by extracting maize 
gluten with isopropyl alcohol and pre¬ 
cipitating with wuter. It is an incomplete 
protein, containing no lysine or tryptophan, 
and it has been suggested that it may have 
uses in the plastics and other industries. 
See Jnd. Eng. Chem. 1941, 33, 394. 

Zeolites. A scries of alumino-silicatcs in 
which Na and K atoms are readily replaced 
by Ca and Mg atoms and vice versa. The 
framework may be represented by (SiAl)O,. 
It resembles that of the felspars, but has 
larger cavities and more frequent wide 
channels between the atoms. The zeolites 
are characterized by containing loosely- 
held water which can be removed by heating 
and regained by exposure to a moist atmo¬ 
sphere, the crystal structure not being 
destroyed. The expelled water can also be 
replaced by ammonia, carbon dioxide, 
alcohol, mercury, and iodine. The cavities 
usually contain K, Na, Ca, or Mg atoms, 
which balance the negative charges in the 
framework and are readily replaced. Arti¬ 
ficial zeolites are made by heating clays 
with sand and sodium carbonate, so as to 


CH, CH, 


V 

CH-CH:CCH:CHCH:C-CH:CH<P S CH, 
in, Jh, H,C—i in 

CH, 


OH 


obtain a product roughly corresponding to 
Na,Al t Si,0„ OHjO. They arc used chiefly 
for softening hard water, but occasionally 
as absorbents. 

Zeta( O-potential. This term hns been 
used recently for Electrokinetic potential. 

Zinc, Zn. At. no. 30, At. wt. 05 38, 
M.P. 419-4°, B.P. 007°, D. =■ 7 1. The 
principal source of zinc is the sulphide 
ZnS, known as blende, or when coloured 
yellow or brown by iron, as “ black-jack,” 
and possessing a characteristic resinous 
lustre. It is found in England, in parts of 
Europe and America, in Rhodesia, Burma, 
and New South Wales. Other important 
minerals arc calamine or smithsonitc, 
ZnCO„ willcmite, Zn t Si0 4 , and franklinite, 
Zn(FcOj),. , „ 

The process of extracting zinc is actually 
a distillation process, as the oxide is reduced 
at 900°, while the metal boils at 907°. 
Most ores are contaminated with lead, 
iron, and cadmium, but as their boiling- 
points arc widely separated from each 
other, and from that of zinc, they can 
be separated by a fractional distillation. 
Some 25 % of zinc metal is produced by a 
hydrometallurgical process involving leach¬ 
ing followed by electrolytic deposition of 
the metal. 

The pure metal is used as a coating for iron 

plate,galvanizing, andsherardizing. Alloyed, 
it is found in brasses, nickel-silver, etc. 
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Zinc crystallizes in hexagonal prisms, with 
a bluish-white colour. The crystals have a 
deformed hexagonal close-packed structure 
(described under cadmium), a = 2 059, e = 

4- 935 a. The vapour density corresponds 
with the formula Zn. The metal is moder¬ 
ately hard and brittle ; it softens at 100 °- 
150 , but becomes very brittle at 205°. 

Zinc burns readily on heating in air or 
oxygen. It combines directly with chlorine 
and sulphur. It decomposes steam at red 
heat, with the formation of acrystalline oxide. 
The metal is readily tarnished in moist air, 
with the formation of basic carbonates. 

Zinc dissolves in dilute acids, evolving 
hydrogen (except with nitric acid) and pro¬ 
ducing zinc salts which yield the cation 
Zn**. It also dissolves readily in hot 
solutions of caustic potash or soda, with the 
evolution of hydrogen and formation of 
zincatcs, containing the anion ZnO,~. 

Zinc blende. This cubic form of zinc 
sulphide gives its name to an important 
crystal structure type. The Zn and S 
atoms occupy alternate positions in the 
diamond structure so that each kind of 
atom is tctrahedrally co-ordinated by four 
atoms of the other sort. For ZnS a ■» 

5- 42 a. Among the many compounds 
crystallizing with this structure, which is 
illustrated here, may be mentioned SiC, 
AIP, CuCI, CuBr, Cul, ZnSe, and GaSb. 



Zinc carbonate, ZnCO,. A basic carbonate 
is precipitated by the addition of alkali car¬ 
bonate to a solution of a zinc salt. An alkali 
bicarbonate gives a white precipitate of zinc 
carbonate, ZnCO a . On boiling with sodium 
carbonate solution, the carbonate and basic 
carbonates form zinc oxide. 

The basic carbonate, which has the 
approximate composition ZnCO,, 2ZnO, 
3H t O, is used medicinally for similar 
purposes to zinc oxide. See Calamine. 

Zinc chloride, ZnCI,. The anhydrous 
chloride is obtained, as a soft white mass, 
by passing hydrogen chloride over heated 


zinc or by distilling the metal with mercuric 
chloride. It is formed in solution by dis¬ 
solving zinc or the oxide in hydrochloric 
acid. On evaporation, crystals of the mono- 
hydrate, ZnCI„ 11,0, separate. On heating, 
this passes into the anhydrous chloride. 
Anhydrous zinc chloride is very deliquescent, 
and is soluble in alcohol, ether, acetone, 
and pyridine. 

Zinc chloride is used in wood preserving, 
as a flux, in Ailing cotton goods, in Lcclanchl 
batteries, and, mixed with zinc oxide and 
powdered glass, as a dental stopping. 

Zinc hydroxide, Zn(OII),. Obtained as a 
white flocculent precipitate by the addition 
of caustic alkali to a zinc salt solution. It 
can be dried at 85°, but loses constitutional 
water at higher temperatures. A crystal¬ 
line form is obtained by allowing zinc plute 
and iron turnings to stand in concentrated 
ammonia. 

Zinc hydroxide is an amphoteric substance 
forming both zinc salts and zincatcs. It is 
used as an absorbent in surgical dressing, 
in the preparation of Rinman’s green, and 
•is a rubber “ Allcr." 

Zinc lactate (C,H 4 0,),Zn, 311,0. Colour¬ 
less four-sided rhombic prisms, soluble up 
to 1 4 7. in cold water, more soluble in hot. 
It loses its water of crystallization at 100°. 
It crystallizes better than any other lactate, 
and is used as a method of identifying 
lactic acid. 

Zinc oxide, ZnO. When prepared by the 
combustion of the metal it is called zinc 
white, and is used as a pigment. It is 
also prepared by ignition of the basic 
carbonate. It is a white powder which 
becomes sulphur yellow on heating, the 
colour disappearing on cooling. It occurs 
as the hexagonal mineral zincite which has 
the wurzitc structure, a * 3-22, c = 5-20 a. 

The oxide dissolves readily in acids, forming 
zinc salts, and in alkalis, producing zincatcs. 

Zinc oxide is used very largely for external 
application to the skin. 

Zinc sulphate, ZnS0 4 . Prepared by dis¬ 
solving the metal, oxide, or carbonate in 
dilute sulphuric acid and crystallizing. 
Below 30° crystals of the heptahydrate, 
isomorphous with magnesium sulphate, 
MgSO,, 7H,0, and known as white vitriol, 
separate. Above 30°, ZnS0 4 , 6H,0 is 
deposited. On heating ZnS0 4 , 7H,0 to 
100°, the monohydrate is formed; at 450° 
this loses water to give the anhydrous salt. 
At higher temperatures it is completely 
decomposed to the oxide. 

Zinc sulphide, ZnS, occurs naturally as 
blende, and more rarely as wurtzite in 
hexagonal crystals. For the crystal struc¬ 
tures of zinc blende and wurtzite see under 
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Zingiberene 

the respective headings. It may be pre¬ 
pared directly from the elements, and by 
precipitation of a zinc salt solution with 
ammonium sulphide. Impure zinc sulphides 
arc phosphorescent, but very pure zinc 
sulphide is not. It is easily soluble in dilute 
acids, and cannot be precipitated from the 
zinc salt of a strong acid owing to the free 
acid formed in the reaction. 

Zingiberene, C 1$ H a4 . The main con¬ 
stituent of ginger oil, 

B.P. 134°/14 mm., d*° 

0-8084, n*» 1-4050, 

[a] D — 73-38°. It is 
always accompanied 
by a small quantity 
of bisabolcnc, from 
which it cannot be 
separated. Zingi¬ 
berene forms a char¬ 
acteristic dihydro¬ 
chloride, M.P. 100°- 
170°. By removal 

of hydrochloric acid this does not regenerate 
zingiberene but its isomer, isozingiberene 

Zircon. Sec Zirconium silicate. 

Zirconium, Zr. At. no. 40, At. wt. 01*22. 
The element is a mixture of isotopes in the 
following order of abundance : 00 (48 %), 
02 (22 %), 04 (17 %),01 (11-5 %). 00 (1-5 %). 

A whitish metal resembling cast-iron, crys¬ 
tallizing in broad, hexagonal plates, M.P. 
about 1800°, density 6*5. There arc two 
forms of the metal, ot-Zr stable at low 
temperatures and 0-Zr stable above 862°. 
The former has the hexagonal close-packed 
structure a = 3 22, c - 5-12 a., while the 
latter has the body-centred cubic structure 
a - 3-01 a. (at 867°). It bums slowly in 
air at a white heat, and is slowly attacked 
by strong acids. It can be made to alloy 
with iron. The metal is prepared by re¬ 
ducing zircon with carbon in an electric 
furnace, converting the carbide to chloride 
with anhydrous chlorine, purifying the 
zirconium chloride, and reducing it with 
molten magnesium at 850-900°. Its possible 
uses are indicated by its resistance to cor¬ 
rosion by strong mineral acids. It will 
alloy with iron. 

Zirconium chloride, ZrCl 4 , is a white, crys¬ 
talline solid that reacts vigorously with 
water; it sublimes at about 440° and may 
be prepared by the action of chlorine on a 
mixture of zircon and charcoal, or by the 
action of chlorine and carbon tetrachloride 
on the oxide at 800 ° 

Zirconium hydride, ZrH 2 , a grey solid 
. obtained by passing hydrogen over red-hot 
zirconium; it bums in air, forming the 
sesquioxide Zr a 0 3 . 


Zirconium nitrate, Zr(NO,) 4 , 5H a O, may 
be obtained by evaporating a solution of 
zirconium hydroxide in nitric acid over 
phosphoric oxide and sodium hydroxide. 

A basic nitrate, ZrO(NO,) t , 2H a O, is known. 

Zirconium oxides. Zirconium sesquioxide, 
Zr a O„ is a green powder obtained by the 
combustion of zirconium hydride. 

Zirconium dioxide, Zirconia, ZrO„ occurs 
as baddeleyite in Ceylon and Brazil, in 
monoclinic crystals. Density about 5-4 to 
5-7 ; hardness about 0. Zirconia will stand 
a very high temperature, and has a very low 
coefficient of expansion ; it has been used in 
the manufacture of refractory crucibles, and 
as a constituent of lamp filaments. 

Zirconium silicate. Zircon, ZrSi0 4 , is a 
common constituent of igneous rocks such 
as granite and syenite. It crystallizes in 
the tetragonal system, axes 1-924 and 1-908 ; 
the colour varies from yellow to brown ; the 
mineral is also known as hyacinth. Density 
4-6 to 4-8 ; hardness 7-5. It may be pro¬ 
duced artificially by heating a mixture of 
zirconia and silica. 

Zsigmondy, Richard (1805-1929). Bom 
at Vienna, Zsigmondy was educated at the 
Technical High School there and at the 
Universities of Munich and Berlin. In 1897 
he entered the employment of Schott of 
Jena, glass manufacturers, and in 1907 was 
appointed professor of physical chemistry 
and Director of the Institute, GOttingcn. 
His researches were chiclly upon problems 
connected with glass and colloids. He in¬ 
vented the ultramicroscopc, which paved the 
way for important advances in colloid chem¬ 
istry. In 1925 he was awarded the Nobel 
Prize. See Nature, 1929, Vol. 124, p. 845. 

Zwittcrion. A zwitterion is an electri¬ 
cally neutral ion with both a positive and 
a negative charge. For example, the 
amino-acid glycine exists in solution at the 
isoelectric point as the zwitterion 
*H a N • CH, • COO-. 

Zymase. The discovery that cell-frcc 
non-living yeast juice can cause alcoholic 
fermentation was made by Buchner, and 
later studied by Harden; this was of 
great importance. The yeast preparations 
ferment sugar slowly, but more quickly 
when inorganic phosphate is added. The 
enzyme responsible, termed zymase, has 
been proved to be a complex mixture of 
enzymes and co-enzymes, each of which is 
responsible for one stage in the series of 
reactions which first convert glucose into a 
more reactive form, combine this with phos¬ 
phoric acid, split the molecule into two 
trioses, and rearrange these by stages to 
pyruvic acid. 
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In the following pages will be found data relating to the principal 
characteristics of most of the organic compounds described in 
the foregoing text. Those substances which are merely simple 
derivatives of the parent compounds, such as the chloro- or 
nitro-compounds, have in most cases been omitted, and certain 
other substances have been included, making approximately 1800 
in all. 

The characteristics given comprise the melting-point (m.p.) 
and boiling-point (b.p.), both being in °C., the density or specific 
gravity (D), and the specific rotation [a] D . 

The b.p. is stated at normal atmospheric pressure (760 mm. 
of Hg) unless otherwise indicated by another figure separated 
from the b.p. by a sloping line. Thus b.p. 137/740 indicates a 
b.p. of 137° C. at a pressure of 740 mm. 

The density is normally given in grams per millilitre, at 
20° C., numerically equivalent to the specific gravity at 20° C. 
referred to water at 4° C. Specific gravity at other temperatures 
is shown with superior and inferior figures indicating, respectively, 
the temperature of the substance and that of water to which it 
is referred. Thus D 1-0108 15 15 indicates a specific gravity of 
1-0108 at 15° C. referred to water at 15° C. 

The specific rotation, [a] D , is given for certain compounds. 
Temperature and wave-length are indicated by the superior and 
inferior figures (or letters) following the numerical value. When 
not otherwise shown, the specific rotation is understood to be 
at 20° C. and for sodium light. For example: [a] D — 84-6 20 
indicates a negative specific rotation of 84-6° for sodium light 
and a temperature of 20° C. The solvent in which the measure¬ 
ment was made is mentioned in brackets following the value 
found. 

Abbreviations used include > (greater than), and ~ (approx- 
mately). 
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Substance. 


Abietic acid - • 

Aceanthrencquinone 

Accnaphthaquinolinc 

Acenaphthcnc . 

Accnaphthencqumone 

Acenaphthenone 
Acenaphthylene 
Acetal • • 

Acetaldehyde . 
Acetaldoxime . 
Acetamide 
Acetanilide 
Acetic acid . 

Acetic anhydride 
Acetic ester (acetic 
ethyl acetate) 
Acctiminoether 
Acetin, oc-mono- 
Acetin, di- 
Acctin, trl- • 
Acetoacetanilide 
Acetoacetic ester 
acetoacctate) 
Acetoacetylpyridine 
Acetoacetylpyridine 
Acetoacetylpyridine 


ether. 


-r. -— ■ 

Acctoacctylquinoline 

Acctoacrylic acid, (2 


M.P. *c. 


(ethyl 


( 2 -) 

(3-) 

<*-) 

(4-) 


Acetobutyl alcohol 
Acctoci/ctobutane 
Acctoci/c/ohcxanc 
Acctoci/c/opropanc 
Acetodiphenyimcthanc, (p 
Acctohydrindcnc, (2*) 

Acctoin . . • 

Acctol (hydroxyacetone) 
Acctomcthylthicnonc 
Acctonaphthonc, (1*) 
Acctonaphthonc, (2-) 
Acetone . . • 

Acetoncchloroform (chlore 
tone) . 

Acetoncdicarboxylic acid 
Acetonitrile 
Acetonylacctonc 
Acetophenone . 
Acetopropyl alcohol, (3-) 
Acetoquinaldinc, (3-) 
Acctoquinaldine, (6-) 
Acetostilbine . 
Acetothienonc, (2-) . 
Acetovanillone. 
Acetoxime 

Acetoxyacetic acid . 
Acetoxyacetone 
Acet-o-toluidide 
Acet-m-toluidide 
Acet-p-toluidide 
Acctylacetone . 
Acetylacetoneamine . 
Acetyl-di-alanine 
Acetylanthranil 
Acetylanthranilic acid 
Acetyl bromide 
Acetylbutyryl . 
Acetylcamphor, (3-) . 


158 

270 

61-2 

95 

261 

121 

92-3 


-121 
47 
82 
114 
16 7 
-73 


85 


50 

85 

62 

64-5 

125 


39 

15 

25 


53 

-95 


97 

135 

41 to -44 
-9 
19*7 


74 

92 

53-4 


115 

59 

66-8 


110 

65-5 

155 

-23 

43 

137-8 

79-80 

185 

-96 


B.P. *C. 


278 


265-75 
104-5 
208 
115 
222 
304 
118 5 
139-5 


77 

94 

130-2/2-3 

259 

260 


181-2 


137-43/15 

171/15 

145/18 

205-7/17 


227 

186/750 

179-80 

114 

197-8/9 

175-7/80 

148 

145/6 

232-3 

296 

300 

562 


167 


82 

191-3 

202/750 

208/730 

306 

318-20 


213-14 

295-300 

134-5/730 

145/12 

174-5 

296 

303 

307 

139/746 

209 


148-9/13 


81 

128 

127-8/15 


D.' 




1 024“ 


f 


36 


0-899“ 

0 8461° 
0 7834“ 
0-9645“ 
1-159“ 
1 - 21 * 

1 051“ 

1 082“ 


[a] D - 


-68 (EtOH) 


09245° 

0-8729“ 

1 - 221 “ 

1-18“ 

1-16-1-17“ 


1-0256“ 


0 98951: 
0 9160* 
0937° 


1-06852 
1 010812 
1-082“ 


1-1336° 

08186° 


0-7828“ 

0 970“ 

1 024“ 

1 00514J2 


1-167“ 
0 97*° 

1 0912* 


0 97502° 


1-52* 

0 984“ 
1-0814“ 






Substance. 


Acetyl chloride 
Acetylene dibromide 
Acetylene tetrachloride, 

A 

Acetyl isocyanate . 
Acetyl isothiocyanate 
Acetyl nitrate . 
Acetylsalicylic acid . 
Acctylscmicarbazide 
Acctylthiosemicarbazide 
Acetylthiourea. 
Acctylurca 
Acetylurcthone 
Aconitine 

Acraldchydc (acrolein) 
Acridine . 

Acrylic acid . ] 

Adenine . 

Adenosine 
Adipic acid 
Adrenaline, (/-) 

ACsculin . 

Alanine, (a-) . 

Aldol 

Alizarin . . ] 

Allantoic acid . 

Allantoin 

Allcnc (propadicne) . 
Allobarbitonc (dial) . 
Allylacetamidc, (N-). 
Allyl ucetate . 
Allylacctic acid 
Allylacetone . 

Allyl alcohol . 
Allylatninc 
Allylanilinc 
Allylareinic acid 
Allyl azide 
Allylbenzene . 

Allyl bromide . 

Allyl chloride . 

Allyl cyanide . 

Allylenc . 

Allyl iodide 
Allyl isocyanate 
Allyl isocyanide 
Allyl isothiocyanate (mus 
tard oil) 

Allyl nitrate 
Allyl nitrite 
Allyl pyridine, (2-) 

Allyl sulphide (oil of garlic 
Allyl thiocyanate 
Allylthiourea . 

Allylurea 
Aminoacetal . 
Aminoanthraquinone, (a-) 
Aminoanthraquinone, (/?-) 
Aminoazobenzenc, (o-) 
Aminodiphcnylamine, (p-) 
Aminophenol, (o-) 
Aminophcnol, (p-) . 

Amygdalin 
Amyl acetate . 

Amyl alcohol, (n-) . 

Amylbenzene, (n-) . 


135 

165 

165 

165 

218-19 

77-8 

204 
-87 

111 

13 

360-5 

229 

153 

211-12 

205 
297 


127 

75 

174 

184 

214-16 


146-3 

80/740 

133-4 

22/70 


210-15 


1- 130® 

2- 271 1 ’’* 

1 - 600 *® 

1-0892*® 

M61‘® 

1-24*® 



+ 17-3 (CHCI,) 


-03 3 

-63 (HCI) 
-14 6«® (McOII) 

4*2-7 


-40-57“ (H,0) 














5^3 


Substance. 

M.P. *C. 

B.P. *C. 

D.' # . 

[alp- 

Amyl ether 

• 

— 

172 5-173 

97-9 

0 7807“ 
0-870-0 880'* 

■— 

Amyl nitrite, (n-) 

• 



_ 

Amytal . 

Androsterol 

Androsterone . 

Anethole 

Angelic acid 

Aniline . 

Anisaldehyde . 

Anisidine, (o-) . 

Anisole . 

Ani9yl alcohol . 

Anserine 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

154-6 

208-10 

182-3 

22-5 

45-6 
-6 2 

0 

2 5 
-37-5 

24-5 

238-9 

235 

185 

184 

248 

225 

155 

259 

0-993651 
0-9539“ 

1 027“ 

1123“ 

1 0978“ 

0 9988J5 

M 1295 : 

+29 9 (CHClj) 

+ 94 (EtOH) 

+ 11-20“ (H.O) 

Anthanthronc . 
Anthracene 

• 

• 

>300 

217 

354-5 

1 25” 

— 

Anthranilic acid 

• 

144-6 


' 


Anthranol 

Anthraquinone, (9 :10-) 

• 

• 

152 

284 6 

379-81 

1 419-1 438* 

— 

Anthraquinonc-a-sulphomc 

214 




acid 

• 

—- 



Anthrarufin 

• 

280 

— 

' 


Anthrone 


154 

— 


-130 

-105*° (H,0) 

+ 105-4*° (H.O) 

Apiin 

Arabinosc, (d-). 
Arabinosc, (/-) . 

0 

0 

0 

228 

159 

160 

— 

— 

Arachidic acid (n-eicosanic 



0-8240* 00 


acid) . 

Arbutin . 

0 

77 

200 

203-5/1 

-03-5 (H.O) 

Arginine, (d-) . 
Aromodcndrcne 

0 

0 

207 

121/10 

0 9116*° 

+ 11-37** 
-6-11?, 

Ascaridol 

Asparagine, (/-//-) 

• 

• 

234-5 

96-7/8 

0-9985JS 

1-543“ 

+ 0-7 

-5 42*° (H.O) 
-32 0 

+ 4-36*° (11,0) 

Asparagosin 

Aspartic acid, (/-) 

0 

0 

271 

— 

1 66185! 

Astaccnc 

0 

243 

■— 

— 


Atropic ucid . 

0 

106-7 

267 

— 


Atropine 

0 

118 

— 

— 


Aurnmine 

0 

267 

— 

— 


Auxin, (a-) 

• 

196 

— 

— 


Auxin, (&-) 

• 

183 

— 

— 


Avcrtin . 

0 


92-3/10 

— 

— 

Azafrin . 

0 

212 

— 

— 

-75 5*3 (EtOH) 

Azelaic acid 

• 

106 

287/100 

— 

— 

Azobcnzaldchyde, (p-) 

0 

238 

— 

— 

— 

Azobcnzene 


68 

295 

— 

— 

Azomcthane 


-78 

1-5 

0 744?. 

— 

Azoxybcnzene . 


36 

— 

— 

— 

Azulene . 


— 

167-8/11 

0 9738” 


Baicalin . 


223 

_ 

_ 

—144-9 

Baptisin . 

• 

244 

— 

— 

-61-7 

Barbitone, (5 : 5-) (diethyl- 





barbituric acid) 

• 

191 

— 

— 

— 

Barbituric acid 

0 

253 

— 

— 

— 

Batyl alcohol . 

0 

70-1 

— 

— 

— 

Hellenic acid . 

0 

81-2 

— 

— 

— 

Benzal chloride 

0 

— 

206 

1 256“ 

— 

Benzaldchydc . 


-26 

179-80 

1 057“ 

— 

Benzaldoxime, (a-) . 

0 

35 

118-19/10 

1-110*° 

— 

Benzaldoximc, (0-) . 

• 

130 

— 

1-145*° 

— 

Bcnzamide 

0 

130 

288 

1-841 4 

— 

Benzamidine . 

0 

75-80 

— 

— 

— 

Benzanilide 

0 

163 

117-19/10 

_ 

— 

Benzanthrone . 

0 

170 

— 

— 

— 

Benzene . 

0 

5 49 

802 

0-884“ 

— 
















Bcnzencazobcnzaldchvdc. 
_ (P ' ] * 

Benzcnesulphonic acid 
(anhyd.) 

Bcnzhydrol 

Benzidine 

Benzil 

Benziminazolc 
Benzoic acid . ] 

Benzoic anhydride . 
Benzoin, (dl-) . 

Benzoin (active form) 
Benzonitrile 
Benzophenone 
Benzophenone sulphone 
Benzoquiuone, ( p -) 
(quinonc) 

Bcnzotrichloridc ] 
Bcnzoxazolc . 
Benzoylacctic acid . 
Benzoylacetone 
Benzoylbenzoic acid, (o-) 
Benzoylbenzoic acid, (m-) 
Benzoylbenzoic acid, ( p -) 
Benzoyl bromide 
Benzoyl chloride 
Benzpyrene, (3 : 4-) . 
Bcnztriazinc . 
Bcnztriazole . 

Benzyl alcohol 
Bcnzylaminc . 
Bcnzylanilinc . 

Benzyl benzoate (spas- 
modin) 

Benzyl bromide 
Benzyl chloride 
Benzylglycine . 
Benzylhydrazine 
Benzyl iodide . 

Bcrbcrinc 
Bctuinc . 

Betitol . 

Betulin . 

Bctulol . 

Bisaholcnc 

Bisabolcne trihydrochlorid 

Bisabolol 
Biuret . 

Bixin 

Borncol, (d-) . 

Borneol, (/-) . 

Borncol, (dl-) . 

Borneol p-dinitrobenzoate 
Bornesitol 
Bornylamine, (d-) 

Bornyl chloride 
Bornyl chloride (iso-) 
Bornylcnc, (/-) 

Brassidic acid . 

Bromal (tribromoacetaldc 
hyde) . 

Bromal hydrate 
Bromoacctic acid 
Broinoacetonc . 
Broinobcnzenc, (mono-) 
Bromobcnzenc, (o-di-) 


65-fl 

09 

127 5 
05 
170 
121 4 
42 
137 
131-2 
-13 
49 

186-7 


-43 

107-8 


70-80 

103 

108 

208-5 

204 

2105 

137 

100 

163 

132 

147 

113 

61-5 



137 

207/748 

400-1 

340-8 


249 

300 

344/708 



323-4 

108 

179 


103/41 


284-8/743 

133-4/12 


154-6/12 


212 

210/770 


-31 

1-8 


208 

136/725 

155 

224 


1-2050'* 

M980“ 


1 - 0102 ! • 
1 0070J® 



±117-5-120 5(COMc,) 


1 0570‘ 
0-0820 1 * 
l-0608!» 

1*114“ 

1-4380J* 

1-104 1 * 


1 7335” 


0 077” 
0 8717* 1 


+ 10-00” (C.H.N) 

-20-5” 



+ 37-44” (EtOH) 
-37-74” (EtOH) 


+ 81 6 

+ 47-2” (EtOH) 
±33 4 (EtOH) 
±30-25 
-21-69 


















5^5 



Bromobenzene, (p-di-) 
Bromoform 

Bromonaphthalene, (a-) 
Bromonaphthalene, (0-) 
Broniural 
Brucine (anhyd.) 

Buchu-camphor 

Bufotoxin 

Butadiene, (1 : 3-) (eryth 
rene) . 

Butaldehyde, (n-) 
Butaldchyde, (iso-) . 
Butane, (n-) 

Butyl acetate, n-) . 
Butyl acetate, iso-) . 
Butyl acetate, sec.-) 

Butyl acetate, tert.-) 

Butyl alcohol, n-) . 
Butyl alcohol, <•©-) . 
Butyl alcohol, (sec.-) 

Butyl alcohol, (tert.-) 
Butylaminc, (n*) 
Butylaminc, (iso-) . 
Butylnmine, (sec.-n-) 
Butylamine, (tert.-) . 
Butylaminc hydrate, (iso-) 
Butylaminc hydrochloride, 
(n-) . 

Butylaminc hydrochloride 
(iso-) . 

Butylaniline, (n-) 
Butylanilinc, (sec.-) . 
Butylaniline, (tert.-) . 
Butylchloral . 
Butylchlornl hydrate 
Butylene, (1-) 

Butylene, (2-) . 

Butylene glycol, (a-) 
Butylene glycol, (0-), (d-) 
Butylene glycol, (0-), (dl-) 
Butylene glycol, (<*-), (dl-) 
Butylene glycol, (iso-) 
Butyruldcnyde. 

Butyric ucid, (n-) 

Butyric acid, (iso-) . 
Butyrolactone, (y-) . 
Butyrone (di-n-propyl 
ketone) 

Cacodyl . 

Cadalene 

Cadaverine 

Cadincnc. 

Cadinenc, (d-) . 

Cadinenc dihydrochloride 
Cadinol, (d-) 

Cadinol, (/-) 

Caffeic acid 
Caffeine (anhyd.) 
Camphane 
Camphene, (d-) 

Camphene, (/-) 

Camphene, (dl-) 

Camphor, (d-) . 

Camphor, (/-) . 

Camphor, (dl-) 


117-18 



1/741 

102-4 

60 - 5/08 

204 

177-80 

177 

75 

162 

154 

203-4 


170 

291 - 2/720 

178-80 

134 - 6/11 

138 - 40/13 

155 - 6/12 

153 - 5/10 


160-1 

160-2 

158 - 60 

159 - 60 


2 - 261 ” 

2 - 90 i 5 

1 - 48875 1 *'* 

1 - 605 ° 


0 9542 M '* 


07938 *° 
0 60 ° 

0 8826 *° 
0 8712 *° 
0 - 8648 ** 
0 - 8958 *° 
0 8098 *° 
0 8058 ” 
0808 *° 
07887 *° 
0 742 ” 

0 724 ** 

0 724 *° 
0 7004 ” 


1 3956 *° 


1 019 ° 



0 8170 *° 
0 9590 *° 
0 9503 *° 
1 - 144 ° 

0 8205 ” 


0 9792 ” 
0 9174 ° 
0 9189 *° 
0 9260 ” 

0 9665 ” 
0 9727 *° 


0 84224 ** 


176-7 
178 6 
178-8 
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Substance. 

Camphorene, (a-) 
Camphorene tetrachloride, 
(“*) 

Camphoroximc 

Canavaninc 

Capric acid, (/.-), (n-dccoic 
acid) . 

Capric aldehyde 
Caproic acid, (»,-), (n-hexoic 
acid) . 

Caproic aldehyde 
Capryl alcohol (sec.-n -octyl 
alcohol) . 3 

Capryl alcohol, (d/-) . 
Caprylic acid (n-octoic acid) 
Caprylic aldehyde . 
Capsaicin 
Capsanthin 
Carane . 


Carbanilidc 
Carbazolc 
Carbon disclcnidc 
Carbon disulphide 
Carbon tetrabromide 
Carbon tetrachloride 
Carbonyl chloride 
Carbonyl sulphide 
Carcnc, (d-A*-) 

Carcnc, (d-A 4 -). 
Carnosine 
Caronc . 

Carotene, (a-) . 
Carotene, (/)-) . 
Carvacrol 
Carvcol . 

Carved phcnylurcthanc 
Carvomenthol . 
Carvomcnthol phenyl 
urethane 
Carvonc, (d-) . 
Carvone, (/-) . 
Can-one, (d/-) . 
Caryophyllcne . 
Catechol (pyrocatcchol) 
Cedrene . 

Ccdrol 
Cedrone . 

Ccllobiosc 
Ccphaelinc 
Ccrotic acid 
Ccryl alcohol, (n-) 

Cetyl alcohol . 
Chalkone 

Chaulmoogric acid . 
Chaulmooffryl alcohol 
Chavibetol 
Chavicol . 

Chimyl alcohol 
Chitin 
Chloral . 
Chloralformurnidc 
Chloral hydrate 
Chlorine . 

Chloroacctic acid, (a-) 
Chloroacetic acid, (/*-) 


M .P. *C. 


129-31 

118 

184 

31-5 


16 

64-5 

177-8 


235 
238 
-45 5 

91 

—126 
-138 2 


246-50 

175 
181-2 
0 5 

94-5 


74-5 


105 

86-7 

32-3 

225 (decomp.) 
107-8 
77-80 
84 
49 
58 
68-5 
36 
8-5 

61 


115 
51-7 
-100 9 
63 
55-6 


B P. *C. 

mm 

lali,. 

177-8/6 

0 8870” 

— 

-— 

— 

+ 8 09” 

268-70 

0-8858 40 


208-9 

0 828' 4 

— 

205 

0 945 ; 


131 

08335” 

— 

80/20 

0 8216” 

iO-O” 

179-5 

08188” 


237 

0-910” 

_ 

81/32 

0 827” 

_ 


— 

— 

1095 

0 8411" 

+ 57-04\ 

260 


-47 00/ 

335 


“ 

695/130 

_ 


46 25 

1 260” 


189 5 



76-7 

1-594” 


8 2 

1 43° 


-50 2 

2-1040 


168-9/705 

1655-167/707 

0-85862: 

0 8552:: 

+ 7-00” 

-1 02 2” 

99-100/15 

09567” 

+ 21 
+ 173-8 


— 

+ 3 «*Cd (C.H,) 

237-8 

0 076” 


226-7/757 

09578” 

— 

220 

0 904” 

= 

230 

09011:-’ 

+ 02-07” 

231 

0-9652} • 

-62-40 

231 

0 9645}* 


258-61 

240 


-7 to -9 

121/12 

0 9367” 

-52-8 

290-4 

157-9/12 

1 014” 

9-5 (CHCI,) 
-91-6” (EtOH) 

— 

— 

+ 16 to +35 (H.O) 
-43-4 (CHCI,) 


— 

— 

— 

—— 

_ 

190/15 

08105” 


345-8 



247-8/20 

— 

+ 62 (CHCI.) 

+ 58-5 (CHCI,) 

254-5 

1 0690}; 

237 

1 033” 

— 

— 

_ 

-14-7 

98 

1-512’° 


97-5 

1-9081” 


-345 



— 

— 


189 

1585S 

— 













Substance. 


M.P. *C. 


D.P- *C. 



Chloroacctic acid, (y) 
Chloroacetonc . 
Chloroacetophenone, (o-) 
Chloroacctophenonc, (m-) 
Chloroacetophenone, (p-) 
Chloroaniline, (o-) 
Chloroaniline, (m-) . 
Chloroaniline, (p-) . 

Chlorobenzene 
Chloroform 

Chloroformic ester (ethy 
chloroformatc) 
Chloronaphthalene, (1-) 
Chloronaphthalenc, (2-) 
Chloropicrin 
Chloroprene 
Chlorosul phonic acid . 
Chlorotoluene, (o-) . 
Chlorotolucne, (m-) . 
Chlorotoluene, (p*) . 
Cholanic acid . 

Cholestanc 
Cholcstane, (f-) 

Cholcstenc 
Cholcstenc, (^-) 
Cholestcnonc . 

Cholesterol (anhyd.) 

Cholic acid (anhyd.) 
Chrysene. 

Cinchonidine . 

Cinchonine 
Cincole, (1 :8-) 

Cincolc, (1 : 4-) 
Cinnamaldehydc 
Cinnamic acid . 

Cinnamyl alcohol 
Citraconic acid 
Citraconic anhydride 
Citral, (a) 

Citral, ( b) 

Citric acid (anhyd.) . 
Citronellal, (d-) (rhodinal) 
Citronellal, (/-) 

Citronellol, (d-) (rhodinol) 
Citronellol, (/-) 

Citronellol, (d/-) 

Citruliine 
Codeine (anhyd.) 

Conifcryl alcohol 
Coniine . 

Convolvulin 
Coprosterol 
Coronene 
Corticosterone . 

Cotarnine 

Coumarin 

Coumarone (benzfuran) 

Creatinine 

Creosol . 

Cresol, (o-) 

Crcsol, (m-) 

Cresol, (p-) 

Crocetin, (a-) . 
Crotonaldehyde 
Crotonic acid, (a-), ( trans -) 


-2 
— 10-4 
70-1 
-45 


119 

227-8/738 
227-9 
236 
207 
230 5 
232 3 
132 
60-1 

94-5 
263 
264-6 
112 
59 4 
155 8 
159 
162 
162 



1162“ 
1-1884SS 
1 2130° 
1188 *° 

1 •21258** 
1-22251S 
1-427“ 
1106“ 
1-498“ 

1135“ 

1 - 202 “ 

1 2656“ 

1 654“ 

0 95835S 

1 0881“ 

1 0722“ 
1 075“ 



+ 21-74“ (CIICI,) 
+24-7“ (CHClj) 
+ 25-07“ (CIICI,) 
— 50-3“ (CHC1,) 
+ 04 9“ (CHC1,) 

-3112 (Et s O) 


-107-48“ (EtOH) 
+ 229 (EtOII) 


0 930“ 

0 8997** 
1 0497“ 
1 2475* 

1 0440“ 


0 8898“ 
08888“ 

0855‘* 

0-8567“ 

0 8565“ 

0 856-0-862** 
0 8488“ 



+ 13 09“ 


-137-75 (EtOH) 

+ 13-79 
-35 3 

+ 23-55*' (CIICI,) 
+ 223“ (EtOH) 


1-0776} l 

1 0919“ 
1 0465“ 
1-0336“ 
1 0841“ 

0 8575“ 


















568 



Substance. 


C ™o°) iC ECid ’ ( ^' ) * <**- or 
Crotonyl alcohol 
Cryptnl . 

Cumene . 

Cumene, (^-) [ 

Cumlnoldchydc 
Cyanamidc 
Cyanoncetaldehyde ! 
Cynnoaeetic acid 
Cyanoacetic ester (cth 
cynnoacetatc) 
Cyanobenzamidc, (o-l 

Cyanogen 

Cyanogen bromide ! 
Cyanogen chloride . 
Cyanogen sulphide (th 
cyanate) 

Cyanuric chloride \ 
Cynnuric triazide 
Cyclobutane . 
Cycloheptane . 
Cyclohexane . 
Cyclohcxanol . 
Cyclohexanone 
Cyclohexene . 

Cyclohcxylaminc 
Cyclopentadiene 
Cyclopcntanc . 
Cyclopcntanol . 
Cyclopcntanone 
Cyclopcntcne . 
Cyclopropane . 

Cymnrin . 

Cynmrosc 
Cymcnc, (<>•). 

Cymcnc, (m-) . 

Cymcnc, ( p -) . 

Cystine, (i-) . 

Cytidinc . 

Dambonitol 

Dccahydronaphthalenc 

(dccalin) 

Dccahydroquinaldinc 
Dccahydroquinolinc . 
Dccane, (n-) . 

Dccyl alcohol, (n-) . 
Dccylenc, (n-) . 

Dcguclin 

Dchydracetic acid 
Dehydrothio-p-toluidine 
Dchydrothio-m-xylidine 
Delphinine 
Dcoxybcnzoin . 

Diacetone alcohol 
Diacctoncaininc 
Diacetoncaminc acid oxalate 
Diacctvl .... 
Diacctyl peroxide 
Diallyl (1 : 5-hexadicne) . 
Diallvl ether . 
Diaminocarbazole, (2 : 7-) . 
Diaminocarbazolc, (3 : 6-) . 
Di-n-amyl ether 
Dianisidinc 


1 0312*° 
0 8726° 
0-9442*° 
0 864*° 
08888* 
0 9775*° 


118 

98-100/10 

152-3 

168-9 

235-0 

140/19 

71-2 


1 063*° 


0-703° 

0 8099*° 
0 7791*° 
0 9624*° 
09478’° 
08102’° 
08191*° 
0 8047>°- 
07510*° 
09488*° 
0 9480*° 
0-7743** 


0 876*° 
0 8696*° 
0 8570*® 


185-93 

216/752 


08953*° 
0 9308J 0 
09426*° 
073014*° 
0 8297*° 
0-7630° 


0-9306” 


126-7 


09904* 


0-7106° 

08046S 


137-8 





569 



Diantliracenc . 
Dianthranol, ( enol -) . 
Dianthranol, (keto-) . 
Dianthranyl, (2 : 2'-) • 

Diazoacetic ester (ethyl 
diazoacetate) 
Dibcnzanthraccnc, 
(1:2:5: 6-) 

Dibenzyl 

Dibcnzylacetone 

Dibenzylamine. 

Dibcnzylaniline 

Dibcnzyl ether. 

Dibenzyl ketone 
Dichloroacetic acid . 
Dichlorobenzene, ( 0 -) 
Dichlorobenzene, (m-) 
Dichlorobenzcnc, (p ) 
Dichlorodifluoromethanc 

Dichloroethylene, ( asym .- 
Dichloroethylene, (cis -1 : 2- 
Dichloroethylene, (/runs 
1 : 2 -) . 

Dichloroethyl ether, (fifi-) 
Dichloromethane (methyle 
chloride) 

Dicyanodiamidc 
Dicyclohexyl . 

Dicthylacetnldchyde. 
Dicthylacetic acid . 
Dicthylaminc . 
Dicthylaniline, (N-) . 
Dicthylarsine . 

Diethyl carbonate . 
Diethyl disulphide . 
Diethylcnc glycol 
Dicthylcnc glycol moncth 
ether . 

Diethyl ether . 

Diethyl ketone. 

Diethyl oxalate (oxalic cs 
Diethyl sulphate 
Diethyl sulphide 
Diethyl sulphite 
Diethyl sulphone 
Digitalin 
Digitonin 

Digitoxin (anhyd.) . 

Digitoxose 

Digoxin . 

Di-n-heptylamine 

Di-n-hexylaminc 

Dihydro carved, ( d-) 

Dihydrocarvcol, (/-) . 

Dihydrocarvone 

Dihydroxyacetone, (1 :3- 

Dihydroxyphenylalanine 

(3:4-) .. • 

Dihydroxytartaric acid 
Diiodotyrosine, (3 : 5-) 

• Diisoamylamine 
Diisoamyl ether 
Diisobutylamine 
Diisobutyl ether 
Diisopropylamine 
Diisopropyl ether 


141/720 


202 

52 

18-14 

-26 

71-2 


0 9782SS 

1 0356° 

1 0256” 

1 0443G” 

1 0359” 


284 

352 

270/250 

226/10 

295-8 

331 

194 

179 

172 

174 

-30 


1-5634” 

1-3048” 

1-2881” 

1-4581” 


1 250” 
1 289” 


1-205” 

1-222JJ 


0-8802”’ 

08085” 

09331” 

07108” 

0 93507* 

1-1338”- 

00751” 

0 99207 5 

1-1185 


07135” 
0 8159” 
1 0785” 
1180',® 
08308” 
1-10542 


271 

109-15/12 

222-5 

100-2/7-8 

221/735-5 


0 927” 
0-9368” 
0 9297” 


282 

114-15 

198 


0-7672 21 
0780731 
0-7450” 
0 761G” 
0-722” 
0-7247J 1 


188 

172-5-173 

139-40 

122-4 

84 

69 


Substance. 


+ 14-2 

-54 3 (MeOH) 
-f 32 0 

+ 40 3” (H a O) 
+ 13*3 


+ 30 50 
-0 14 
-10 8 


14 28” 
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M.P. «C. 


Dikctohydrindcne, ( 1 : 2 -). 
Dikctohydrindene, (l : 3 .) 
Dimcthoxysuccinic acid .* 

Dimethylamine”'* 10 ' , ‘ V -> ' 

D!Shy y !S„ n f OPhCn01 ' 

Dimethylbiitadicnc, (2 : 3 -) 
Dimethyl butane, (2 : 2 -) 
Dimethyl butane, (2 : 3 -) 
Diincthyhlihydroresorcinol’ 

(dimedon) 

Dimethyl ether 

Dimcthylglyoxime . 
Dimcthylhydnntoin (1 : 3 -) 
Dimethylhydantoin, (4 : 4 ) 
Dimethylhydra/ine. ( asym .-) 
Duncthy hydrazine, (sym.-) 
Dimcthylketazinc . 
Dimcthylkctcnc 
Dimcthylolurca 
Dimethyl sulphate 
Dimethyl sulphide . 
Dimethyl sulphite . 
Dimethylthiouram di¬ 
sulphide 

Dinitrobcnzcnc, ( 0 -) . 
Dinitrobenzene, (m-). ] 

Dinitrobenzene, (p.) . 
Dinitrotolucnc, (2 : 4 -) 
Dioxan, (1 : 8 -) 

Dioxnn, (1 :4-) 

Diphenaeyl 

Diphenyl 

Diplicny (acetaldehyde 
Diphcnylacctic acid . 
Diphenylamine 
Diphenylarsinc 
Diphenyl benzylamJne 
Diphenyl disulphide 
Diphenylcnc . 

Diphcnylenc oxide . 
Diphcnylenc sulphide 
Diphenylene sulphonc 
Diphenyl ether 
Diphcnylguanidinc, (asym.-) 

'r-1 

Diphenyl methane 
Diphenyl sulphone . 
Dipropyl ether . 

Dithioaectic acid 
Divinylacctylenc 
Divinyl ether . 

Dodeeanc 
Dodecyl alcohol 
Dodccylaminc . 

Dulcitol . 

Ecgonine, (/-), (anhyd.) . 
Ecgonine, (d/-), (anhyd.) . 
Ecgonine, ( 0 -), (d-) . 
Ecgonine, {+-), (r-) . 
Ecgonine, (a-) . 

Eicosanc 

Eicosanic acid, (n-) . 


102 
118 
89 8 
173-4 
71 


26-7 
128-129 
- 122 


-12 

24 

27-8 

188-5 


B.P. *C. 

D,“. 

— 

_ 

165-75 

0 9434“ 

7 

0 0801* 

265-8 


193 

09575“ 

69-5 

0-7202“ 

49-50 

0 0488!S 

58 

0 0795° 

-23 0 

— 

202 

— 

63 

0 7914** 

81 

0 8274“ 

181 

34 

0 8381“ 



188 

1-335“ 

37-5-38 

0-8458*' 

126 

1 242* 

319/773 

1-505' 7 

302 

299/777 

1-5650“ 

105/755 

1 03422“ 

101-5 

1 0329“ 

254 

— 

815-16 

11001“ 

302 

— 

174/25 

— 


265-70 

261-2 

379 

91 

37/51 

835 

39 

2145 

255-9 

247-9 

275-280/1 


10728“ 


1 0056*; 

07360“ 
1 24“ 
07851“ 

0 7511“ 


^ 74-74“ (11,0) 


-45-4 


205/15 

208-5/1 


0-7779” 7 
0 8240“° 




267/15 

220/3 


Eicosenic acid . 
Eicosyl alcohol 
Elseostcaric acid, (a- 
CIS-) 

Elffiostcaric acid, (0- 
trans-) 

Elaidic acid 
Elaterin, (a-) . 
Elatcrin, (0-) . 
Elcmicin 
Elemol, (a-) 

Ellagic acid 
Emctamine 
Emetine . 

Eplicdrine, (d-) 
Ephcdrine, (/-) 
Ephcdrinc, («//-) 
Ephedrinc, (tf-), (d-). 
Ephcdrine, (0-), (/-) . 
Ephedrinc, (^-). (d/-). 


1-5043” 


08505” 


234/15 


100-5 


1-063*° 

09345” 


144-7/10 

142-3/12 


47 

>360 

153-4 

74 

40-40 5 
40 
76 

117-18 
118-118 5 
118 


Epicamphor (/1-camphor) 

(d-) . 

Epicamphor (0-camphor) ( 
Epicamphor (0-camphor 
(d/-) . 

Epichlorohydnn, (a-) 
Epichlorohydrin, (0-) 
Equilcnin 
Equilin . 

Ergostanol 
Ergostenol, (a-) 
Ergostenol, (0-) 

Ergostcrol 
Ergotamine 
Ergotamininc . 
Ergothioncine . 

Ergotininc 
Ergotoxine 
Erucic acid 
Erucyl alcohol 
Erythrenc 
Erythritol, (d-) 

Erythritol, (/-). 
Erythritol, (d/-) 

Erythritol (meso ) . 

Erythrol 
Erythrose, (d-). 

Erythrose, (/-) . 

Eserine . 

Ethane . 

Ethanolamine, (mono-) 
Ethanolaminc, (di-) . 
Ethanolamine, (tri-) 
Ethoxyacetic acid 
Ethoxyacetone 
Ethyl acetate . 

Ethyl acetoacctate . 
Ethyl acrylate 
Ethyl alcohol . 

Ethyl ally lam ine 
Ethylamine, (mono-) 
Ethylamine, (di-) 
Ethylamine, (tri-) . 
Ethylaniline 
Ethylanthranilic acid 
Ethylarsine 


182 

183-5-184 


115-17 

132-4 


258-9 

238-40 

144-5 

130-1 

141-2 


239 

190-200 
33 5-34 
34 5-35 5 


241-8/5 
240 5-241-5/10 


329-31 
196 5 


1 04703*° 


0 5719° 
1 . 022 *® 


-88 63 
171 

217/150 
277/150 
156-7/16 
128/760 
77-1 
181 
101 
78 5 
84 
18 7 
55-5 
89-4 

20472/760 


1-126JS 
1 - 1021 *° 
0 9204*' 
0 9245° 

1 0282*® 
0 9283° 
0 7978'° 


0 6892” 
0-7108” 
0-7255” 
0 9625*° 


1 217** 


Substance. 


+ 13-6*° 
-32-7” 

-6-3*° (EtOH) 

+ 51-24*° (EtOH) 
-51-93*° (EtOH) 


+ 58-4 (C.H.) 
-58-21” (C.H.) 


+ 87” 

+ 308” (Dioxan) 
+ 15-94 (CIICl,) 

+ 17-86 (CIICl,) 

+ 19 4*° (CHC1,) 
-133 (CIIC1 3 ) 

— 159j?» 0 (CIICl 3 ) 
+ 38515.0 (CHCl,) 
+ 116-5 

+ 459..., (CIICl,) 
-2201°., (CIICl,) 


+ 4 3 (II,O) 
-4-4 (II,O) 


-14 5 (11,0) 
+ 21-5 (H,0) 
-75-8 
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Substance. 


Ethylbenzene . 

Ethyl benzoate ." 

Ethyl benzyl amine . 
Ethylbcnzylaniline . 

Ethyl bromide 
Ethylcarbazole, (N-) 

Ethyl chloride 
Ethyl chloroacetate . 

Ethyl chlorosulphonate 
Ethyl citrate . 

Ethyl cyanoacetatc . 
Ethyldiphcnyl, (4-) . 
Ethylene. 

Ethylene chlorohydrin 
Ethylenedinminc 
Ethylene dibroniidc . 
Ethylene dichloridc . 
Ethylene diiodide 
Ethylene dinitrate . 
Ethylene dithioglycol 
Ethylene glycol 
Ethylene glycol monobutyl 
ether .... 
Ethylene glycol monocthyl 
acetate 

Ethylene glycol monocthyl 
ether .... 
Ethylene glycol monoincthyl 
ether . 

Ethylcneimine 
Ethylene oxide 
Ethyl formate . 

Ethylidcnc bromide . 
Ethylidene chloride . 
Ethylidcnc diacctatc 
Ethyl iodide . 

Ethyl iodoacctatc 
Ethyl isocyanidc 
Ethyl isothiocyanatc 
Ethyl lactate . 

Ethyl mercaptan 
Ethyl nitrate . 

Ethyl nitrite . 

Ethyl phenol, (o-) 
Ethylphcnol, (m-) . 

Ethylphenol, (p.) 

Ethyl salicylate 
Ethyl succinate 
Ethylurea 
Ethylurethane 
Eucainc, (a-) . 

Eucaine, (/?-), (rf.) . 

Eucaine, (/}-), (/-) 

Eucainc, (0-), (r-) . 

Eucarvone 

Eudcsmol 

Eugenol 

Evipan . 

Farncsal .... 

Farncsanc 

Famescnc 

Farncsol ... 
Fcnchanc 
Fcnchane, (a-) . 

Fcnchcnc, (a-), (</-) . 


M P. °C. 

B.P. °C. 

— 

136-15 

— 

212-9/760 

— 

109 

-— 

285-0/710 

07-8 

38-4/700 

— 

125 

— 

145-0 

— 

151-4 

— 

185/17 

— 

207 

40-7 

283-4/703 

■ 

-105 

— 

129 

11 

110 5 

10 

131-7 

— 

83 5 

81-2 


— 

105/19 

— 

140 

-115 

197 

— 

1707 

— 

150 

— 

135-1 

— 

124 3 

— 

55-6/756 

— 

10 5 

— 

543 

— 

112 5/755 

— 

573 

— 

108/740 

— 

723 

— 

178-80 

— 

79 

-59 

131-2 

— 

154 

-1444 

37 

-112 

87-5-87-7 

— 

17 

— 


-4 

214/752 

47-8 

218 5-219 5 

13 

231-5 

— 

217-7 

92 


— - 

170 

104-5 


57-8 

_ 

57-8 

__ 

70-1 

_ 

— 

99-100/22 

82-3 

156/10 

— 

254 

143-5 

— 

— 

1724/14 

— 

1265/15 

— 

129-32/12 

— 

160/10 

— 

151-2/765 

— 1 

163-5-164-5/753 

— 

— 


D,«°. 


0 - 88457 $ 

1 0014* 

0 9350,':-’ 
1 - 001 “ 
1-50138° 

0 - 0214 ° 

1-1740° 

1-370° 

1 - 1800 *° 

1 - 063 *° 

1 - 043 ° 

1- 213*° 

0 002 '° 

2- 1810*° 

1- 257*° 

2- 132'° 

1 400“ 

1- 123** 

1 114*° 

00017'° 

0 9749'° 

0 0311'° 

0 9000'S 
08321** 
0-8000* 
00108*° 

2- 10204! J 
1-2049° 

1 001 1 * 

1 94707" 

1-8173'*-* 

07501° 

1 - 0102 ° 

1-0308" 

0 80174° 
1-1305* 

0 900"'* 

1-0250° 

1 - 147 ° 

1-0402*° 

09813*° 


0 - 9490 *° 

0 - 0884 *° 

1 - 0620 “ 


0893 " 
0 - 7082 " 
0 8410 *° 
0 - 8840 " 
0 8845 *® 
08579 " 
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0 809'° 

0 86G0* 0 
0 8591 10 
08547*° 
08381*° 
0-8624**' 
09098'° 


156-7 

154-6 

150-3 

145-7 

139-40 

143-143-5/748 

255-9 

144-5/18 


Fenchene, (a-), (M • 
Fenchenc, (a-), (a/-) . 
Fenchene, (ft-), (d-) • 
Fenchene, (y-) . 

Fenchene, (8-) . 

Fenchene, ( cyclo -) . 
Fencholic acid, (d-) . 
Fencholic acid, (/-) . 
Fcncholic acid, (d/-) . 
Fenchone, (d-) 

Fenchonc, (/-) . 

Fenchone, (d/-) 

Fcnchyl alcohol, (d-a-) 
Fenchyl alcohol, (/-a-) 
Fcnchyl alcohol, (/-£-) 
Fcnchyl alcohol, (d/-) 
Fcnchylamine, (/-) . 

Fcrulene 
Ferulic acid . 

Fisctin . 

Fisctol . 

Flavan . 

Flavanilinc 
Flavanol 
Flavanonc 
Flavianic acid . 

Flavoline 
Flavonc . 

Flavonol 
Flavoxanthin . 

Fluoran . 

Fluoranthene . 
Fluoranthenequinonc 
Fluorcne 
Fluorcnol, (2-) 

Fluorcnol, (0-) 

Fluorcnone 

Fluorescein 

Fluorcscin 

Formaldehyde (mcthanal) 

Formamidc 

Formanilidc 

Formic acid 

Frangulin 

Fraxctin 

Fucosc, (d-) 

Fucose, (/-) 

Fucosterol 
Fucoxanthin . 

Fumaric acid . 
Furaldehyde, (0- or 3-) 
Furan 

Furfural, (a-furaldehydc) 
Furfuramide . 
Furfurylacctic acid . 
Furfurylacctone 
Furfuryl alcohol 
Furfurylamine 
Furfuryl chloride, (a-) 
Furil, (aa-) 

Furoic acid (0-) 

Furoin, (aa-) . 
Furylacetaldehyde, (a-) 
Furylacetic acid, (a-) 
Furylacetylcne, (a-) . 


0-9405*° 
0 948*° 

0-9501 s: 


193-5 

192-4 

192-3 

201-2 

94/20 

91/18 

201-4 

195 

124-6/0-7 


09095** 

0-8098*° 


373-5 


250-1/60 


0 815-*° 
1 1384*° 
1-1322;* 
1 220 *° 


210 

216/120 
100 5 


MlUS 

0-9644° 

1-1594*° 


144/732 

32 

162 


1-0361'° 

1-1282*° 


203 

170-1 

145-6 

49/26 


1-1783*® 


0 9919*° 


105-0 


168- 9 
330 
189 
44-5 

97 

119 

76 

151 

64-5 

97 

169- 70 
184 
182-3 
110 
188 
116 
171 
153 

83-835 
314-16 
125-7 
-92 
2 5 
50 
8-4 
228 
227-8 
140-5 
144 
124 
168 
300-2 


117 

58 


-32-32*° 

+ 62-91 

-08-76 (EtOH) 
-1-77 

—3-60*° 

+ 0303*° 
-66-94 (EtOH) 

+ 10-30 (EtOH) 
—15-04 UC1 
— 27 - 97 * 4 *, 

-48-62* (CIIClj) 
+ 0 -° 


+100JJ (c.u.) 


-134 (AcOH) 

+ 75-7 (H,0) 

— 75-5 (HjO) 

-38-4*° (CHClj) 


165-6 

122-3 

138-9 
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Substance. 

Gadolcic acid, (cis-) . 
Gadoleic acid, {Irons-) 
Galactonic acid, (d-) 
Galactose, (d-a-) 
Galactose, (d-0.) \ 

Galangin 
Galcgine . 

Galipinc . 

Galipoidinc 
Galipol . 

Galipolinc 
Gallic acid 
Gelscminc 
Genatropine . 
Gcncserinc 
Genistein 
Gcncsteinc 
Genistin . 

Gentianose 

Gentiobiosc, (a-) (anhyd) 
Gentiobiose, (0-j 
Gcntisic acid . 

Ccmnic acid . 

Geraniol . 

Ccranylaininc . 

Gingcrol . 


uitaiin . 

Gitin 
Gitonin . 

Gitoxin , , , 

Glaucinc, (d-) . 

Glaucinc, (/-) . 

Glaucinc, (d/-) . 

Gluconic acid . 
Glucosamine, (d-) . 

Glucosan, (0-) . 
Glucuronc, (d-) 
Glucuronic acid, (d-). 
Glutaconic acid, (cis-) 
Clutuconic acid, (Irons-) 
Glutamic acid, (d-) . 
Glutamic acid, (/•) . 
Glutamic acid, (d/-) . 
Glutamine 
Glutaric acid . 
Glutathione . 

Glutiminic acid, (d-) 
Glutiminic acid, (/-) . 
Glutiminic acid, (d/-) 
Glyccraldchvdc, (d-) 
Glyccraldehyde, (/-) . 
Glyccraldchyde, (d/-) 
Glycerol (glycerin) . 
Glycerol dichlorohydrin, ( 
Glycerol dichlorohydrin, (f 
Glycerol monochlorohydri 

Glycerol monochlorohydri 

(N • 

Glycide . 

Glycine . 

Glycocholic acid 
Glycollic acid . 

Glycollic aldehyde . 
Glyoxal .... 
Glyoxaline 


M.F. *C. 


B P. «C. 


214-15 
60-5 
113 5 
231 

193 

253 

178 

127- 8 

128- 9 
296-8 

605 

254-6 

209 

189- 95 

190- 5 
200 


245 

265 

272 

285 

119- 20 
124-5 
137-9 

120- 31 
110 

179-80 
177 
156 
136 
138 
224-5 
213 
199 
184 5 
97-8 
190-2 
182-3 
162-3 
178-9 


0 9270 1 * 


177-8,22 


158/14 

229-30/757 

105/19 

235-40/18 


09518'*‘ 
0 883” 
0829” 

1 0713*J 


302-4 


126-9/18 


139/18 

146/18 

166-7 


1-2641” 
1-3506” 
1 3534” 

1 338® 


11143” 


-12-23*® 

+ 145” (11,0, 
+ 51” (II t O) 


+ 15-9 (CIICI,) 
— 175 (EtOll) 


-27 7*' (McOII) 
+ 33 

+ 31 to +0-0(11.0) 
-llto+OOtH.O) 


+ 120 

-25 2” (CIICI,) 

-50 7 
+ 8 5 

+ 115-4 (EtOH) 
-115-4 (KtOH) 

-69” 

+ 44 (H,0) 
-66-2 (H,0) 
+ 19 4(110) 

+ 80 0 ” ( 11 , 0 ) 

+ 110” (H.O) 
-12 9” (11,0) 

+ 8 ” ( 11 , 0 ) 

+ 10 7 (H,0) 
-11-5 (11,0) 

+ 13 5 
—21” (H,0) 



+ 24 3” (H,0) 
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0895*° 

1-546*° 

0778«°‘ 

07808*°* 

0780“ 

0 7777** ‘ 


0 8532*° 

0-7306“ 

07176*® 

07341**“ 

08216“ 

0 68378*° 
0 6873“ 

0 7016“ 
08260“ 


1 4333“ 
08198“° 

08696? 

0-7825*° 

0830“° 

0 945? 

1 0251” 

0 8747“ 


0945“ 
0 934** 


0 6603“ 
0 764? 
0-7175“ 


-7 5“ (H t O) 


- 2 - 8 ** 


3-8“ (EtOH) 
+ 11-59“ 


0 74231J 
0 684“ 

0 6831° 
0 6807“ 
0-8333? 
1-1992° 


1756 


262/15 

10510/0-1 
180/15 
157 5/15 
298 


159 3 
232-3 


1635 

280/769 

240-50 


264 
204-5 
68 95 
265/1 

78-5/760 

77-78-5/7644 
63 35 
68-1 
64/753 
155-2-155 7 
155-5/743 8 
178-180/6-7 


67-5-69 

86 


215/15 

270/15 


Glyoxime 
Glyoxylic acid . 

Gossypol 
Graminin 
Guaiacol 
Guanosinc 
Guanylic acid . 

Harmaline 
Harmine 
Helenien 
Helleborcin 
Helleborin 
Hemimellitcne 
Hemimellitic acid 
Heneicosane . 
Hcntriacontanc 
Hcptacosanc . 
Heptadecane . 
Hcptadecyl alcohol . 
Heptadecylaminc 
Hcptadecylaniline . 
Hcptadecylic acid . 
Hcptadicnc, (1:2-) . 
Hcptadienc, (1:4-) . 
Hcptadicnc, (2 : 4-) . 
Hcptaldchyde, (n-) . 
Heptane, (n-) . 

Hcptenc, (1-) . 

Heptenc, (2-) . 

Hcptenc, (3-) . 

a l alcohol, (n-) . 

i . 

Hetcroauxinc (3-indolyl- 
acctic acid) . 
Hctcrobetulin . 
Hexachlorobcnzcne . 
Hexacontane . 
Hexacosanc 
Hcxacosanic acid 
Hexadccanc, (n-) 
Hcxadccylacetylenc . 
Hcxadccylcne, (1-) . 
Hexaethylbcnzcne . 
Hexahydroanthraccnc 
Hexahydrobcnzaldehydc 
Hexahydrobcnzoic acid 
Hefcahydrobcnzophenone 
Hexahydrobenzylamine 
Hexahydrocarbazolc. 
Hexahydrofluorene . 
Hcxahydronaphthalene 
Hexamethylbenzene 
Hexaraethylenediamine 
Hexane, (n-) . 

Hcxatriacontane 
Hexatriene, (1 : 3 : 5-) (cis 
Hexatriene, (1:3: 5-) 

( Irons -) 

Hexene, (1-) . 

Hexene, (2-) . 

Hexene, (3-) . 

Hexyl alcohol, (n-) . 
Hexyl bromide, (n-) . 
Hexylresorcinol, (4-n-) 
Hexylsalicylic acid, (5-) 


335-40 
285-6/35 
227/100 
105-6 
32 
107 
152 8 
98 38 

93-7-93 8/771 
98 5 

95-8/768 

176-3 

272-4/12 


-433 
-90 65 


178 

98 

199 


32 

230-5 

208 


-34 1 
171 


164-5 

267-8 

227 

98-5-99-3 
56 1 

87 7-87-9 
18 13 
22 5 
2 2 
129 
60-1 


29-30 

59-60 


164 

42 
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Substance. 


Hippuric acid (benzoyl- 
glycine) 

Histidine 
Holarrlieninc . 
Holarrhimine . 

Holarrliinc 
Holocainc 
Horaatropine . 
Homounisaldchyde . 
Homoborneo! . 
Homocamphor. 
Homocatechol . 
Homocinchonidine . 
Homogcntisic acid . 
Hoinophthulic acid . 
Honiotropinc . 
Homovcratrol . 
Homoveratrol, (o-) . 
Homoveratrylamine . 

Hordeninc 
Iiumulonc 
Hydantoic acid 
Hydantoin 

Hydnoearpic acid . 
Hydraitic acid 
Hydrastinc, (/-) 
Ilydrastinc-a . 
Hydrastinc-5 . 
Hydrastinine . 

Hydmtropic acid 
Hydrazine 
Hydraio benzene 
Hydrazodiphcnyl, (o-) 

Hydrazodiphenyl. ( p -) 
Hydruzoic acid (azoimidc) 
Hydrindcnc . 

Hydrindonc, ( 1 -) 
Hydrindonc, ( 2 -) 
Hydroquinine (anhyd.) 
Hydroquinonc (quinol) 
Hydroxyglutamic acid 
Hydroxylamine 
Hydroxynaphthoic acid, 
„<*••*> • . . 
Hydroxynaphthoic anilid* 

(2 : 3 -) 

Hydroxy proline, (4-) 
Hydroxyquinol 
Hyoscine, (/-) . 
Hyoscyaminc . 

Hypogseic acid. 

Illipcnc . 

Indazolc . 

Indenc . 

Indican (anhyd.) 

Indole 
Indophcnol 
Indoxyl . 

I nosine . 

Inositol, (d-) . 

Inositol, (/-) . 

Inositol, (<//-) . 

Inositol, (meso- or «-) 

Insulin . 

Inulin 



anilide 


197-8 

183 

240 

117 

99-100 

154-6 

189-90 

05 

207 5 
152-4 
180-1 
85 
24 


124 

117 

66-065 

180 


59-60 

175 

132 

137 

151-2 

116-17 

1*4 

120-7 

182 

107-9 


243-4 

270 

1405 


176-8 

52 

160 

85 

218 

247-8 

247 

253 

218-19 


1 000 “ 


1-1287 7 ** 


1 0653* 


173-4/11 


-39-74“ (11,0) 
-71 (CHCI.) 
-14-10“ (CIICI.) 
-17-01“ (McOH 


+80 70 (EtOII) 
112-0^ (C.H # , 

-107 3 (EtOH) 
+ 22-48 (EtOH) 


-232-2“ 


+ 68-1 (CHCI,) 
-40-8“ 


204-5 
113 5 


37 

177 

241-2/739 


285/730 


0 9645“ 
M028JS 


-142 2“ (EtOII) 



-81 04“ (H,0) 

-18“ (EtOH) 
-22“ (EtOH) 


315/2 5 __ 

267-70; 743 __ 

182 2-182-4/761 09915“ 



+ 68 

-64-1“ (H,0) 


- 88 - 8 “ 








577 


Substance. 

M.P. *C. 

B.P. *C. 

D t ‘®. 

lain- 

Iodobenzene 

• 


-30 5 

188-45 

1-8383“ 

— 

Iodoform 

Tnnniui 

• 

• 

a 

a 

119 

220-1/747 

0-8535° 

— 

Ionanc, (4>-) 

Ioncne . • 


a 


224-5/751 

081515® 



a 

- 

112-15/14 

09320” 


Iononc, (a-) 

• 

* 

— 

128-4/11 

0-9298”'* 


Ionone, (B-) 

• 

• 1 

— 

140/18 

0-9445““ 


Ionone, (^-) . 

Irisin 

Ironc 

• 

• 

• 

• 

• 

a 

210 

167-8/23 

144/16 

0 8973” 

0-939“ 

-53-3” (H a O) 

+ 47 

Isatin 

Isoamyl acetate 
Isoamyl alcohol 
Isoborneol, (d-) 
Isoborncol, (/-). 

• 

• 

• 

• 

• 

a 

a 

a 

• 

203-5 

212 

214 

142 

182 

08762“ 

0 8129“ 

-32 3” (MeOII) 

+ 33 89 (EtOII) 

Isoborneol, (dl-) 

• 

a 

212 

—- 



Isobomylcne . 

• 


117-18 

150-2 

— 


Isobutane 

• 


-145 

—10-2 

— 


Isobutyl acetate 

• 

a 

— 

118 

08712” 

•” 

Isobutyl alcohol 


• 

— 

108 1 

0-8057“ 


Isobutylamine 

• 

• 

— 

68 9 

0-724” 


Isobutylene 
Isobutyric acid 

• 

• 

• 

• 

-47 

— 6-6 

154 3 

0 9504” 

— 

Isocugcnol 

• 

• 

— 

266 

1-080” 


Isohcptanc 

• 

a 

-119 1 

90 

0 6789” 

* — 

Isohcxanc 

• 

a 

— 

62*3-63*3 

0 6599” 


Isoleucine, (d-). 


a 

283-4 

— 

— 

-10-7” (H t O) 

l8olcucine, (/-) . 

a 

a 

285-6 

— 

— 

+ 10-7” (HjO) 

Isoleucine, (dl-) 

• 

a 

275 

— 

— 

— 

Isomenthol, (d-) 

a 

a 

825 

218 

— 

+ 25-9 

Isomenthol, (/-) 

a 

a 

82-5 

— 

— 

— 

Isomenthol, (dl-) 

a 

• 

58-4 

218*5-218*6 

— 

— 

Isomorphinc, (a-) 

a 

• 

246-8 

— 

— 

-164*3” (MeOII) 

Isomorphine, (0-) 

a 

• 

182 

— 

— 

-216 2” (McOH) 

Isomorphine, (y-) 

• 

• 

278-9 

— 

— 

-93 6” (MeOH) 

Isopentane 

• 

• 

-1600 

30-30*2/747 

0 62007” 

— 

Isophoronc 

• 

• 


214/754 

09255”“ 

— 

Isoprcnc . 

• 

• 

— 

34 5-35/762 

0 6806” 

— 

Isopropyl acetate 

• 

• 


90-3 

0 9166° 

— 

Isopropyl alcohol 

• 

• 


824 

07855” 

— 

Isopropyl chloride 

• 

• 

-117 

36 5 

086797“ 

— 

Isopropyl ether 

• 

• 

_ 

675 

0725” 

— 

Isopulegone 

a 

• 

— 

100/18 

09198” 

~ + 25 

Isoquinoline . 
Isorhamnonosc 

a 

a 

24 6 

242 

1 0986” 

— 

a 

a 

125-5-120 

— 

— 

-33-7” 

Isosafrol . 



— 

252-4-252-7/7G8 

1-122” 

— 

Isovalcraldchyde 

a 

a 

— 

925 

0 784555 

— 

Isovaleric acid 

• 

• 

— 

176*7 

0 9332”“ 

— 

Itaconic acid . 

• 

• 

162-4 

— 

— 

— 

Jalapin . 

a 

a 

208 

_ 

_ 

_ 

Jasmone 

a 

a 

— 

134-5/12 

0 9437” 

— 

Juglonc . 

• 

a 

153*4 

— 

— 

— 

Kerasin . 

a 

• 

180 

_ 

_ 

-9 (C 5 H ft N-CHClj) 

Ketene . 

a 

• 

-151 

-56 

_ 

— 

Kojic acid 

a 

a 

152 

— 

— 

— 

Lactic acid, (d-) 

• 

a 

25-6 

— 

_ 

+ 3-82“ (H,0) 

Lactic acid, (/-) 

a 

a 

26-7 

— 

— 

-2-26“ (H t O) 

Lactic acid, (dl-) 

• 

• 

18 

122/14-15 

1 43915” 

— 

Lactide, (d-) . 

a 

a 

95 

150/25 

_ 

-298“ (C.H.) 

+ 281-6“ (C,H,) 

Lactide, (1-) 

a 

a 

95 

150/25 

— 

Lactide, (dl-) . 

• 

• 

124-5 

142/8 

— 

— 

LactoBavine . 

a 

• 

271 

— 

— 

-9 80 (11,0) 

Lactose, (a-) . 

• 

• 

223 

— 

— 

+ 90 (H.O) 


37 


















ccyl al 


Lactose, (/}-) . 
Lanoccric acid 
Lanosterol 
Laurie acid 
Laurie aldehyde 
Lauryl alcohol (dod 
cohol) . 

Lepidene. 

I/cpidine 

Leucine, (</-) . 

leucine, (/-) . 

Leucine, (d/-) . 
LevuJinic acid . 
Limonene, (d-) 
Limonenc, (/-) . 
Limonene, («//-) 
I.inalool, (d-) . 
Linalool, (/-) . 

I.inalool, (d/-) . 
I.inoleic acid . 
Lobclinc, (d/-) . 
Ix)beline, (/-) . 
Lumisterol 
Lutein . 

Lycopene 
Lysine, (d-) 

I.yxosc, (d ) (a-) 
Lyxose, (/-) 

Lyxose, (d/-) . 


Maleic acid 
Maleic anhydride 
Malic acid, (d-) 

Malic acid, (/-) 

Malic acid, (d/-) 

Malonic acid . 

Malonic ester (diethyl ma 
onatc) . 

Mulonitrilc 
Malonyl chloride 
Maltose . 

Mandelic acid, (d-) . 
Mandelic acid, (/-) . 
Mandelic acid, (d/-) . 
Mannitol, (d-) . 

Mannitol, (/-) . 

Mannose, (d-) . 

Mannose, (/-) . 

Mclezitosc 
Mclibiose 
Melissic acid . 

Melissyl alcohol 
Mellitic acid . 

Menthane, (o-) 

Menthane, (m-), (d-). 
Menthane, (m-), (/-) . 
Menthane, (p-) (cm-) 
Menthane, (p-) (/rans-) 
Menthol, (d-) . 

Menthol, (/-) . 

Menthol, (d/-) . 

Menthone, (d-) 

Menthone, (/-) . 



130-5 
52 6 
98-9 
100 
133 
135 0 


160-5 
133 
133 8 
118-19 
166 
163-4 
132 
132 
153-4 
85 
90 
87 

286-8 



225/100 

184-5/100 

150/20 

220 

201-3 


245-0 

178/760 

177-0-177 8/760 
178/760 
198-200/760 
197-200/756 
197-9 
229-80/10 


290-5/8 


171 

167-8 

167- 8 

168- 5 
101 


0-8690** 


1-0995* 


1 - 1447 « 

0 8411*® 
08422*® 


0 8079*® 
08622*® 
0-870** 

0 9031*® 


— 

1-595** 


1-601*® 

197-8 

1-068** 

218-19 


58/26 

1-4486**'* 


1-521** 



0-8135J 1 

0-81102* 

079382° 

0-816*® 

0792** 


+ 35 (H,0) 

+ 58-0 17 (CHCI,) 



+10-34*® (H,0) 
-15-0** (HCI) 
-1042** (H.O) 

+ 17-3** (HCI) 


+120-84*® 
- 122 - 0 *® 

+ 19-18*® 
-19 87 


“42-85** (EtOH) 

+ 235-4J2«» (COMe,) 
+ 100cd (CHCI,) 

+ 14 0** 

+ 5-6*® 

-5-8 


+ 2-92 (MeOH) 



+ 116-9** (H,0) 
-159-78** (EtOH) 
+ 156-57** (H,0) 


-17-0** (H,0) 
+ 14 to -14 
+88-2** (H.O) 
+ 110 5** (H.O) 


+ 1 - 0 ** 
-08 


+ 48-8 (EtOH) 
-49-5*** (EtOH) 

+24-85** 

-24-8** 
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Substance. 

M.P. *0. 

B.P. *C. 

D.«*. 

ta] D . 

Menthone, ( dl -) 

_ 

205 

0911° 

— 

Mesaconic acid 

240-5 

— 


+ 25-4«’ 

Mesaconitine . 

208-9 

— 


Mesitylene 

Mesityl oxide . 

-53-5 

164 8 

180-1 

0-8684** 

0 8653” 

— 

Mesoxalic acid 

121 

— 



Metaldchyde . 

Methacrylic acid 

246 2 

15-16 

1605 

1-0153” 

— 

Methane 

-184 

-164/760 

0 5547* 

— 

Methane base . 

90-1 

890 

— 

— 

Mcthanesulphonic acid 

— 

167-167-5/10 

1 4812” 

— 

Methionic acid 

— 

220-7/15-20 

— 

— 

Methionine, ( d-) 

— 

— 

— 

+ 812” (H t O) 

Methionine, (/-) 

288 

— 

— 

-0 87” (H,0) 

Methionine, (dl-) 

281 

— 

— 

— 

Methoxyacetic acid . 

— 

203-4 

1-1768” 

— 

Methyl acetate 

-98-7 

67-5 

0-9280” 

— 

Methylacrylic acid, (1-) 

15-16 

1605 

1 0153” 

— 

Methylal 

-105 

41-2 

0 872” 

— 

Methyl alcohol. 

-93 9 

64-1 

07910” 

— 

Methylamine . 

— 

41/4500 

0 699-”” 

— 

Mcthylaniline . . 

— 

196-1 

0-9891” 

— 1 

Methyl anthranilate . 

24-5 

135-5/15 

1-1682”* 

—— 

Methyl benzoate 

-123 

1996 

1 0937” 

— 

Methyl chloride 

-93 

-24 09 

— 

— 

Methylcholanthrenc . 

176 5-177-5 

— 

— 

— 

Methylchroman, (2-). 

— 

223-6 

— 

— 

Mcthylchroman, (6*). 

— 

234 

1 0374'* 

— 

Methyl cinnamate . 

36 5 

261/750 

1 0700” 

— 

Mcthylcyclobutanc . 

— 

85-6/753 

0 6931” 

— 

Mcthylcycloheptanc . . 

— 

184 

0 9981” 

— 

Mcthylcycloheptanol, (1-) . 
Methylcyclohcptanol, (2-) 

— 

183-5 

09392*' 


Mcthylcycloheptanol, (2-) 

— 

191/758 

00492” 


( Irans-) 

— 

194/768 

0 9422” 

—— 

Methylcyclohcxanc . 

— 

1004 

0-7695” 

— 

Mcthylcyclohcxanol, (1-) . 
Methylcyclohcxanol, (2-) 

24-5 

155 

0 9249' 4 ” 

— 

(cis-) .... 
Mcthylcyclohcxanol, (2-) 
(Irans-) . . . 

-9 5 to -9 2 

-21-2 to -20-5 

165 

166-5 

0 9337” 

0-9238” 

“ 

Methylcyclohcxanol, (3-) 





Methylcyclohcxanol, (3-) 

— 

173-4 

09178“* 


(Irans-) 

Mcthylcyclohcxanol, (4-) 


174-5/762 

09145“* 

—■ 

(cis-) .... 
Mcthylcyclohcxanol, (4-) 

- 

173-4/750 

09129*'* 

— 

(Irans-) 

— 

178-174-5/745 

09118”-’ 

— 

Mcthylcyclohexanone, (2*). 
Mcthylcydohexanone, (8-) 

— 

166 

0 9250*® 

— 

(d-) .... 

Methylcyclohexanone, (8-) 

- 

169 

0915“ 

+ 18-38” 

(dl-) .... 

— 

168 

0 9136” 

_ 

Methylcyclohexanone, (4-). 

— 

1705 

0-9188” 

_ 

Methylcyclohexene, (1-) . 

— 

109-11 

0-8145J* 

_ 

Mcthylcyclopentane . 

— 

72-72-2 

0 7474“ 

_ 

Methylcyclopentanol, (1-) . 
Methylcyclopentanol, (2-) 

35-7 

185-6/789 

0-9041”* 

— 

(cis-) .... 
Methylcyclopentanol, (2-) 

— 

148-9 

0 93891J 

— 

(Irons-) 

— 

150-1 

0-92581J 

.... 

Methylcyclopentanol, (8-) . 

— 

148-9 

0-9158” 

_ 

Methylcyclopentanone, (2-) 


139 

0-9139” 

• 









5 &> 


Substance. 


Methylcyclopentanone, (3-) 
(«-) . 

Methylcyclopentanone, (3-) 

Methylcyclopentenc, ( 1 -) ] 
Methylcyclopentene, (8-) . 
Methylcyclopropane 
Methyldiethylamine . ! 

Methylene bromide . 
Methylenecamphor . 
Methylene chloride . 
Methylene iodide 
Methylene sulphate . 
Methylethylamine . 
Methylethylaniline . 
Methyl ethyl ether . 
Methyl ethyl ketone 
Methyl ethyl sulphate 
Methyl ethyl sulphite 
Methyl formate 
Methylglyoxime 
Methylhcptane, (2-) . 
Mcthylhydrazine 
Methyl iodide . 
Methylmalonic acid . 
Methyl mercaptan . 
Methyl methacrylate 
Mcthylnaphthalcne, (1- or 
«-) 

Mcthylnaphthalcne, (2- or 

N . 

Methyl nitrate 
Methyl nitrite . 

Methyl oxalate 
Methyl salicylate . 
Michler's hydrol 
Michler’s ketone 
Micranthine 

Microl .... 
Montanic acid . 

Morphine (anhyd.) . 
Morpholine 
Mucic acid 

Mudarol .... 
Muscarine 

Muscaruhn (anhyd.) 
Mustard gas (2 : 2'-dichloro- 
dicthyl sulphide) . 
Myrcenc .... 
Myristic acid . 

Myrtenal, (d-) . 

Myrtenal, ( dl-) 

Myrtenol, (d-) ., 

Mytilitol 


Naphthacarbazole, (2 :3-) 
Naphthacene . 
Naphthacenequinonc 
Naphthaldchyde, (1-) 
Naphthaldehydc, (2-) 
Naphthalene . 
Naphthalene-l-sulphonic 
acid ( + 2H,0) . 

Naphthalene-2-sulphonic 
acid (anhyd.) 


M.P. «C 

B P. *C. 

— 

143 

— 

144-1445 

-127 

70 

— 

09-71 

— 

4-5 

— 

00-7 

— 

90-95 

43-5-44 

218 

— 

8095 

0 

181 

~155 


■ — 

35 

— 

201 

— 

108 

— 

796/700 

— 

198-200/742 

— 

141-2 

— 

31-5 

— 

157 

— - 

117-2 

— 

87/745 

135 

425/700 

-123 

58-02 

— 

100-1 

— 

241 

37-8 

240-2/760 

— 

05 

— 

-12 

54 

1035 

— 

2233/700 

96 

— 

172 

>360 

196 

_ 

— 

183-6/4 

89-3 

— 

254 


— 

128-80 

255 

_ 

170 

— 

275-5 

— 

18-14 

215-17 

— 

160 

58 

250 5/100 

— 

99-100/15 

— 

218/771 

182 

— 

325 


341 

— 

294 

_ 

38-4 

292 

01 

— 

803 

218 

90 

— 

91 

_ 


d 4 “. 

M». 

09140" 

+ 124 2" * (EtOH) 

0913** 

_ 

0 7979* 

_ 

O-7603 1 * 

06912** 

+59-07 

2 8098" 

z 

1-8348" 

+ 127-5 (EtOH) 

3 38201* 


_ 

- 

0 9193" 

_ 

0 7252* 

_ 

0 8054** 

— 

1*1304" 


09807" 

— 

— 


0 703511 

_ 

— 

_ 

2 2510** 

— 

— 


0 8509" 


0 945" 

— 

1 0005" 

— 

- 


1-2107" 

_ 

0091" 

— 

1*1787“ 

— 

— 

_ _ _ 

_ 

_ 

1 0113" 

_ 

— 

_ 

i 0016!* 

-130 9" (MeOH) 

_ 

z 

— 

+ 1-57" (H,0) 


— 

1*2741" 


0-8047" 

_ 

08022" 

_ 

0-9872!* 

+ 14-75" 

0-9909* 

— 

0 9703" 

+45-45 

11517** 

— 



















Substance. 


Naphthalene-2-sulphonic 

acid ( + 3H,0) 
Naphthanthracene . 
Naphthanthraquinonc 
Naphthapyrene 
Naphthastyril . 
Naphthasultam, (1 : 8-) 
Naphthazarin, (o-) . 

Naphthindolc, (a-), (n“P h 
thazolc) . • 

Naphthindole, (2 :8-) 
Naphthoic acid, (1- or a*) 
Naphthoic acid (2- or 0-) 
Naphthol, (1- or a-) . 
Naphthol, (2- or 0-) . 
Naphthoquinone, (1 : 2-) 
Naphthoquinone, (1:4-) 
Naphthylacetaldehyde, (1- 
Naphthylacetaldehyde, (2- 
Naphthylacetic acid, (1-) 
Naphthylacetic acid, (2-) 
Naphthylamine, (1- or a-) 
Naphthylaminc, (2- or 0-) 
Naphthylglyoxal, (0-) 
Naphthylhydrazine, (1-) 
Naphthylhydrazine, (2-) 
Narceine (anhyd.) . 
Narcotine, a-), d-) . 
Narcotine, a-), /-) . 
Narcotine, 0-), d-) . 
Narcotinc, 0-), /*) • 
Naringenin 
Naringin ( + 811,0) . 
Ncoergosterol . 
Neoisorocnthol, (d-) . 
Ncoracnthol, (d-) 
Neoracnthol, (/-) 
Ncomenthol, ( dl -) . 
Ncrol 

Ncrolidol, (d-) . 

Ncrolidol, (dl-) 

Nervone . 

Nervonicacid . 
Nicotinamide . 

Nicotine, (d-) . 

Nicotine, (/-) . 

Nicotinic acid . 

Nirvanol, (d-) . 

Nirvanol, ( l -) . 
Nitroaniline, (o-) 
Nitroaniline, (m-) 
Nitroaniline, (p-) 
Nitroanisole, (o-) 
Nitroanisolc, (m-) . 

Nitroanisole, ( p -) 
Nitroanthracene, (9-) 
Nitroanthraquinone, (1-) 
Nitroanthrone, (ms-) 
Nitrobenzene . 
Nitrobenziminazole, (6-) 

Nitrobenzoic acid, (o-) 
Nitrobenzoic acid, (m-) 
Nitrobenzoic acid, (p-) 
Nitroethane . 
Nitroethylene . 
Nitroglycerin, (labile) 


83 

158-9 

168 

273 

180-1 

177-8 

201-2 

173 

68-70 

161 

184 

94 

123 

115-20 

125 



116-17 

124-5 

145-2 

175 

176 
176 
176 
251 

82 

151-2 


180 

42-5-43 

122 


235-7 

71-5 

114 

143 

10 

38-9 

54 

146 


140 

3-6 

203 

146-8 

140-41 

238 


278-80 

285-6 


163-6/18 


300 8/760 
294 
183/20 




1-0954**' 7 



1-2229!: 
1 0614” 




214-6/760 
87/8 
97-6/10 
212 1/108 
224-7 
276 

145-6/12 


245 5-246 5/729 
246-1/730-5 


ooisi” 


08818” 
0 8778*° 
0-8788” 


1-0094” 
1 0097” 


>285 



270/7 

210-85/760 


114-114-8 
5 


1-424 
1 2540” 
1 873” 
1 - 2012 ” 


1-1732” 

1-575” 

1 494” 
1-61” 

1 0685* 
1-073” 8 


+ 199 9 (CHC1,) 
— 108 0 (CHC1,) 
+ 103i!. 
-lOlJS. 

-82-11” (EtOH) 
-12 (CHC1,) 

+ 2 2” (EtOH) 

+ 17-8” (EtOH) 
-20-7” (EtOH) 


+ 15-5 

-4 33” (C,H t N) 


+ 163-17” 

166 4 to —168-5 

+ 128 (EtOH) 
-121 (EtOH) 












582 


Substance. 


Nitroglycerin, (stable) 
Nitroguanidine 
Nitromethane . 
Nitronaphthalene. (I*.) 
Nitronaphthalene, 2 - 
Nitrophenetole, (o-) 
Nitrophenetole, (m-) 
Nitrophenetole, (p.) . 

Nitrophenol, (o-) 
Nitrophenol, (m-) . 

Nitrophenol, (p.) 
Nitroresorcinol, ( 2 -) .* 
Nitro resorcinol, (4-) . 
Nitrosoanthraquinonc, (1 
ISitrosobenzcnc 

Nitroso-AT-dimethylanilin 

(P*) 

Nitrosomethylurca . 
Nitrosonaphthalcnc, ( 1 -) 

Nitrosotoluene, (o-) . 
Nitrosotolucne, (m-) 
Nitrosotoluene, (p.) . 
Nitrotolucnc, (o-), ( a -) 
Nitrotoluene, (o-), (0-) 
Nitrotolucne, (m-j . 
Nitrotoluene, (p.) . 

Nitrourca 
Nitrourethane . 
Nonacosane . 
Nonadccane . 
Nonadccyl alcohol . 
Nonane . 

Nonyl alcohol . 

Nopinic acid, (/-) . 

Norlcucine, (d-) 
Norlcucinc, (/-) 
Norlcucine, (<//-) 
Novocaine (anhyd.) . 


m.p. *c. 


61-5 
79 
21 
34 
60 
44 9 

97 
114 

85 
122 
223-4 
07 5-68 

92 5-935 
123-4 

98 
725 

53-53 5 
48 5 
-9 55 
-3-85 
16 
545 
159 
64 

63 6-64 1 
32 
62-3 


126-8 

301 

301 

297-300 

61 


B.P. *C. 


267 

284 

283 

216 

194/70 


57-0/18 


2223 

227-2/760 

237-7 


346-8/40 

830 

166-7/0 32 
1495 
215 


1 6009“ 


101-101-5/764 7 1-1382** 

nn 4 


1-1903'* 

1-1176'®* 
1-2942*® 
1 2797'®* 


11622J*' 

1-1571** 

1-1038“ 


0780** 

07177** 

08279*® 


—16-02'® (Et.O) 
-f 23-14*® (HCI) 
-26 5** (HCI) 


Ocimenc . 
Octacosanc 
Octadccanc 
Octane, (n-) . 

Octyl alcohol, (n-) 
Octylaminc, (n-) 
Octylbenzcnc, (n-) 
CEstriol . 

(Estrone . 

Olcandrin 
Oleanol . 

Oleanolic acid . 
Oleic acid (labile) 
Oleic acid (stable) 

Oleodipalmitin. 

Oleodistcarin . 
Opianic acid . 
Opianic acid, (m-) 
Opianic acid, (^-) 
Orcinol . 

Oripavine 
Ornithine, ( d -) 
Ouabain . 

Oxalic acid (anhyd.) 
Oxalyl chloride 
Oxamic acid . 


-56 9 
-16 7 


283 

254-9 

70-5 

216-20 

306-8 

12 

16 

27-8 

44 

150 

185 

121-2 

106-5-108 

200-1 

140 

180 

189-5 

-12 

210 


81/30 
278/15 
305-7 
125 59 
194 45 
175-7/745 
264-5 


287-90 


63-5-64/763 


0799*' 

0-7768*® 

07024*® 

0 8270*® 

0 7769*®® 
0 8583*® 


+ 34-4 (CjH,N) 
+ 158-5** 

+ 59*® (CHCI.) 
+79-5'* (CHCI,) 


288-5-286/100 0 898*® 


+ 11-5** 


1 653 1 ®* 
1-4884 1 *® 





Substance. 


M-P. *C. 


B.P. *C. 


oSne°(8-hydroxyquinolinc) 

Palmitic acid . 

Palmitic aldehyde . 

Pantocaine 

papaverine 

Paraformaldehyde . 

Paraldehyde . 

Pelargonic acid 
Pentaerythntol 
Pcntacrythritol tetramtra 
pentane, (n-) . 

Percaine . • 

Perillyl alcohol . 

Perillyl aldehyde, (d-) 
Perillyl aldehyde, (I-) 
Persitol (perseitol) . 

(»•'»* 

Petrosclic acid 
Phcllandral . • 

Phcllandrenc, («•). (f) 
Phellandrenc, (a-). <»-> 
Phellandrene, (£•), («-) 
Phenanthrene . 
Phcnanthridine 
Phenazine 
Phcnetidinc, (o-) 
Phenetidinc, (m-) . 

Phenetidine, (p-) 
Phenctole 
Phenol . 
Phenolphthalein 
Phcnoxazinc . 
Phcnylacctic acid . 
Phcnylacctylene 
Phenylalanine . 

Phenyl azide . 

Phenyl benzoate . 
Phcnylcarbazole, (N-) 
Phcnylcnediamine, (o-) 
Phcnylcncdiaminc, (m-) 
Phcnylcnediamine, (p-) 
Phenyl formate 
Phcnylglycide . 
Phenylglycinc . 
Phenylglyoxal . 
Phenylglyoxime 
Phenylguanidine 
Phenylhydrazine 
Phcnylindole, (1- or N-) 
Phenylindolc, (2- or a-) 
Phcnylindole, (3- or 0-) 
Phenylisatin, (N-) . 

Phenyl isocyanide . 
Phenyl isocyanate . 
Phcnylnaphthalene, (1-) 
phenylnaphthalene, (2-) 
Phenylurea 
Phenylurethane 
phloroglucinol (anhyd.) 
Phorone . 

Phthalamic acid 
Phthalic acid . 
Phthalic anhydride . 


63-4 

34 

153-4 

147 

120-30 

126 

260 

138-40 


188 

273-4 

287 

33-4 


43 

254 

156 

70-76-5 


71 

04-5 

102-3 

63-4 

147 

26 5 
127-8 
91 
168 
66-7 
23 


227/23 


390 

200-2/29 


128 

253-4/760 


118-21/11 

234- 6/743 

235- 7/750 


237-8/18 

220-30 

175-6 

174-7/759 

171-2/760 

340 

349/769 

>360 

228 

248 

2542-2547 

172 

182 


265-5 

142-4 

73-5/22-4 

314 

256-8/760 

282-4/760 

267 

173 

134-5/4-5 


241-2 

326-7/757 

>360 


0 8527” 


1 308-1-337 

0 9943** 

0 9109'*" 


0 6263*° 

0-9690*° 
09730” 
0 0645** 


08700*° 

093** 
08463” 
0-8425** 
0 8520** 
0 9800* 


10652”" 
1 0710” 


_ 

165-6 

_ 

221 

—45 

334 

101-2 

345-6 

147 

— 

53 

237 

217-19 

— 

28 

197-2/743-3 

148-9 

— 

190-210 

—- 

131 61 

295 09 


—7-0 
+ 137 

+ 4-53** 


-112 76** 
+ 65-2 


1 - 001 " 

0 0371'*" 

11240J 


1-1421 IS 
10879* 


1 0978**" 


0977” 

1-1288” 


-35-1 20 


0 8850'* 




5«4 


Subttance. 


Phthalimidc 
Phthalonitrile . 
Phytanc . 

Phytol . 

Picenc . 

Picramic acid 
Picramide 
Picric acid 
Picrolonic acid. 
Picrotoxin 
Pilocarpidine . 
Pilocarpine 
Pimaric acid, (</-) 
Pimclic acid . 
Pinacol (pinacone) . 
Pinacolin (pinacolonc) 
Pinane, (trans-l-) 
Pinane, (cm-/-) 

Pincne, («.). (d-) . 

Pincne, («-), (/-) 
Pincne, (a-), (dl.) . 

Pinene, (p.) . 

Pinitol . 

Pinocampheol, (cm-) * 
Pinocampheol, (irons-) 
Pinocamphone, (/-) . 
Pinocarveol, (d -) 
Pinocarveol, (/-) 
Pinocarveol, (dl-) 
Piperazine 
Piperidine 
Pipcrinc . 

Piperitol, (d-) . 
Pipcritol, (/-) . 
Piperitol, (dl-) . 
Pipcritone, (d-) 
Piperitonc, (/-) 
Pipcritone, (dl-) 
Pipcronal 
Polygalitol 
Pregnandiol . 
Prcgnonc 
Primeverose . 
Progesterone, («-) . 
Progesterone, (p.) . 

Profine, (d-) 

Proline, (/-) 

Prolinc, (dl-) . . 

Prolysine 

Prontosil. 

Propane . 
Propionaldchyde 
Propionamidc . 

Propionic acid 

Propiophenonc 
Propyl alcohol 
Propylamine . 

Propy I benzene 
Propyl bromide 
Propyl chloride 
Propylene 

Propylene oxide, (d-) 
Propylene oxide, (/-). 
Propylene oxide, (dl-) 
Propyl iodide . 

Propyl naphthalene, ( 1 -) 


m.p. *c. 


B.P. *c. 


288-5 

140 


385-6 
169 
188 
122 5 
116 5 
203-4 
128-9 

218-10 

KU-5 

38 


-50 


186 

57 

67 

7 

7 

104 
-0 
120 5 


37 
142 
234-5 
835 
208 
128 5 
121-2 
215-20 
220-2 
205 
222 
247-51 


81 3 
19-20 

-99 2 

-1228 
-185 2 


200 

1795/15 

202-5-201/10 

518-20 


260/5 

212/10 
175 

103-6/746 
162-4/720 
164 8-165 8/716 
155-6 
155-6 
1562 
163-4 

219 

217 

212-18/765 

208-0/750 

208-9,750 

215-18 

140 

1060 

165-70/200 
05-6/10 
100-6/195 
116-18 5/20 
100 5-1105/15 
232-3/760 
263 


-445 

475-49 

213 

141-35 

218/764 

974 

49 

159 45 
71 

46 60 
-47-8/750 
36-5-88 

35 

102 5 
274-5 


r>. f 


0 803° 

0 8497“ 


0-7909 u 
0 8519'** 
08502« 
0 8621“ 
08505“ 

0 8582 M 
0 8675** 

0 073“ 

0 068“ 
09002“ 

0 9815** 

0 98I M 
0 978** 

0 8606*o 

0 011SJ 

0023** 

00344” 

0 9324*o 
0 9331*o 


0515'»» 
0 79665; 

0 9987*; 
1 0087*0 
08035** 
0-714* 4 
08617 M 
1 3529*“ 
0 8910*o 


0859° 

l-7471*o 


fair 


-« 0 >» ( 11 , 0 , 

4 81-3*o (H |0) 
+ lft0 5*o 
+ 87 3*o (CHCI,) 


- 10-1 
-18 0 
+ 48-3 
-47 2 

-22 
+ 05-5 
±37 
±55 
-13-42 
+ 59 
62 19 


+ 460 
-34 1 

+ 49-I8*o 
-51 53*o 


+ 47-8 

+ 21-2*o (CHCI.) 
-3-MH.O) 

+ 192 

+ 81-9** (H,0) 
-80-9*« (H t O) 


+ 12-72'* 
— 8-26'* 






5»5 


Substance. 

M.P. *C. 

B.P. *C. 

D.«*. 

[a] D . 

Propylnaphthalene, (2-) . 

Propyl nitrate . . 

= 

277-9 

1105 

1 0548” 

— 

Protocatechuic acid 

109 

153 

216-17 

27-8 




( + 1H.O) . 

Protocatechuic aldehyde . 
Pulegone. 

Purine . 

Putrescine 

224 

158-9 

0-937” 

0 877” 

+ 28-2355., 

Pyocyanine 

133 

1 AO 

*" 



Pyramidone . 

108 




Pyranthridine . 

Pyrazinc 

370 

47 

115-5- 
115-8/768 4 

1-0311”'* 

— 

Pyrene . 

Pyridine .... 
Pyrimidine 

Pyrogallol 

149-50 

21 

132 5-133 5 

115-5 

123 5-124 

309 

09779” 

— 

Pyromcllitic acid (anhyd.). 
Pyromucic acid 

Pyrone, (y-) . 

Pyrrole .... 

275 

133-4 

82-5 

230-2 

215 

180-1/761 

0 9691” 

— 

Pyrrolidine 

Pyruvic acid . 

~13-6 

88-5-89 

165 

0 8520” * 

1 2668”'> 

— 

Quercetin (anhyd.) . 
Quercitol, (d-) . 

Quercitol, (/-) . 

313-14 

234 

174 

— 

1 l l 

+25-6” (H.O) 
-73-0” (H.O) 

Qucrcitrin (air-dried) 

182-5 

— 

— 


Quinaldine 

— 

247-6/760 

1 0585” 


Quinhydrone . 

Quinic acid. (/-) 

Quinic acid 

Quinidinc (anhyd.) . 
Quinine (anhyd.) 

171 

162 

164 

174-5 

177 

_ 

1-401” 

— 44-03” (H.O) 

+ 44” (H.O) 

+ 262 (EtOH) 
-158-7” (Et.O) 

Quinizarin . . . I 

200-2 

— 

— 


Quinoline 

— 

238 05 

1-0029” 


Hafnnosc (anhyd.) . 

118-19 

— 

— 

+104 (H.O) 

Resorcinol 

no 

276-5 

— 


Rctcne .... 

100 5-101 

390 

— 

— 

Rhamninose 

185-40 

— 

— 

—41-0 (H.O) 

-12 4” (H.O) 

Rhamnitol. (d-) 

123 

— 

— 

Rhamnitol, (/-) 

121 

— 

— 

+ 10-7” (H.O) 

Ribose, (d-) . 

86-7 

— 

— 

-19-5 (H.O) 

Ribose. (/-) 

87 

— 

— 

+ 18-8 (H.O) 

+ 5 05” 

Ricinoleic acid 

— 

226-8/10 

0 9496” 

Ruberythric acid 

258-60 

— 

— 

— 

Rubrene .... 

331 

— 

— 


Sabincne, (d-) . 

__ 

163-5 

0 842” 

+ 80-17 

Sabinenc, (/-) . 

_ 

162-6 

0 8468” 

-42-5” 

Sabinol .... 

_ 

208 

09518}; 

+ 17-04 

Saccharic acid, (d-) . 

125-6 

— 

—- 

+ 6 86” to +20 6 

(H.O) 

Saccharin 

224 

— 

— 

Safrole .... 

— 

231-5-232 

1-100” 

— 

Salicin .... 

201 

— 

— 

-62-56” (H.O) 

Salicyl alcohol (saligenin) . 

87 

— 

11613” 

— 

Salicylaldehyde 

— 

197 

1-1674” 

— 

Salicylic acid . 

159 

211/20 

— 

— 

Salol (phenyl salicylate) . 

43 

173/12 

— 

— 

Santalene, (a-) 

— 

252/753 

0-8984” 

-15 

Santalcnc, (0-) 

— 

125-7/9 

0894” 

-35 

Santalene, (y-) 

— 

118/10 

09355” 

— 

Santalol, (a-) . 

— 

166-7/14 

0 977051 

+ 10-8 (a M „) 

Santalol, (/J-) . 

— 

177-8/17 

0971755 

-87-1 (a M „) 



















586 



245-8/771 

258 

263-5 

173-5-174 8/755 
173-4 
183 

208-10 


Substance. 


Santcnc . 

Santenone, (a-) 
Santcnone, (/?-) 
Santonin 
Sarcosinc 
Scyllitol . 

Scymnol (anhyd.) . 
Scbacic acid . 
Sebacic anhydride 
Sclachyl alcohol 
Sclinene, (a-) . 
Sclinene, (/J-) . 
Scmicarbazidc . 
Scquoyitol 
Serine, (d-) 

Serine, (/-) 

Sesamin . 

Sinapic acid 
Sinigrin . 

Sinistrin . 

Sinomcninc 
Skatolc . 

Sorbitol, (d-) (anhyd.) 
Sorbitol, (/-)( + *H»0) 
Sorbose, (d-) . 
Sorbose, (/-) . 

Sparteine, (d-) . 
Sparteine, (/-) . 
Sphingomyelin. 
Squalcnc 

Stachydrine (anhyd.) 
Stachyosc (anhyd.) . 
Stearic acid 
Stignmstcrol . 
Stilbcnc, (cis-) . 
Stilbcnc, (Irons-) 
Stovaine, (d-) . 
Stovaine, (/•) . 
Stovaine, (d/-) 
Strophanthidin (anhyd. 
Strychnine 
Strychnine, (ip-) 
Styracitol 
Styrene . 

Suberic acid 
Succinic acid . 
Succinic anhydride . 
Succinimidc 
Sucrose . 

Sylvestrenc, (d-) 
Sylvestrene, (/-) 
Syringin ( + 1H,0) . 

Taraxanthin . 
Tartaric acid, (d-) 
Tartaric acid, (/-) 
Tartaric acid, (d/-) . 

Taurocholic acid 
Teph rosin 

Tcrephthaldehydc . 
Terpin, (cts-) . 

Tcrpin, ((rans-) 
Tcrpinene, (a-) 
Tcrpincne, (0-). 
Tcrpinene, (y-). 

Terpin-l-ol 


0 8098” 


0 9200” 
0 02321* 
0 0170*; 


06 

234 

228 


123 

102 

127-0 


102 

95 

110-11 

77 

165 

165 


106-8 


235 
167-70 
71 5-72 
170 


124 

186-7 

186-7 

175 

235 

270-1 

266-8 

157 

-33 

144 

185 

119 3-110 6 
126-7 
179-80 


140-1 

101 

100 


204 5/100 

242/5 

128-32/11 

121 - 2/6 


-178-0*’(EtOH) 
-f 38-2 (EtOH) 


+ 6-87” (H,0) 
-0-88*° (H.O) 
+ 08-23” (CHCI, 

-10-4*’(H.O) 
-445 
-70-7” 

-1-78” (H|0) 

+ 42 9” (H.O) 
-42-0” (H,0) 
+ 161” 
-118 (EtOH) 
+ 8 - 20 “ 


+ 148-4 (H,0) 
-510** (CHCI,) 


+ 8-5” 
-85” 

+ 43-1” (MeOH) 
-130 3” (CHCI,) 
-85 9*» (CHCI,) 
-71 72” (11,0) 


1 054” 
1 654” 
1 027” 


08592:* 


00408” 


+ 66-37” (H.O) 
+ 8818” 
-68-2” (EtOAc) 
-17-1 

+ 200£° (EtOAc) 
+ 11-98” (H.O) 
-1108” (H,0) 

+ 38-8” (EtOH) 


00090” 

1 2340” 

0 8479” 
0 848** 

1-7598” 


0-8375” 
0838** 
0 849” 
0-9265” 


191-2 


184-5 
170 
170 
205 
~125 
108 
116 
105 5 
156-8 


178-4/8 

180-5/1 

284-5/25 

360 

148-9/17 

305/720 

270/5 


145-1458 

279/100 

235 

261 

287-8 

175/751 

176-8 












587 



0920*° 
0-929 
0-9475* 1 ' 
0-9364“ 
0-935J S 

0919 :; 


Terpin-4-ol, ( d -) 
Terpin-4-ol, ( roc .-) . 
Terpincol, (d- a-) 

Terpineol, (/-a-) 

Terpineol, (dl- a-) 
Terpineol, (0-) . 

Terpineol, (y-) . 

Terpin hydrate 
Terpinolene 
Testosterone . 
Tetrachloroethylene (per 
chloroethylene) . 
Tetracosane . 
Tetradecane . • 

Tetradecyl alcohol . 


212-14 

104/15 

104/15 

218-8-219 4/752 
209-10/752 


369 

370 
35 
32-3 

68-70 

123 


8633 


1-6558° 


121 2 
237-40/15 
252 5 
170-173,20 


0 7645*° 
0 8236*° 


Tetraethylthiuram disulphide 
Tetrahydronaphthalene 
(tetralin) 

Tetrahydrothiophen 
Tetranitromethane . 
Tetraphenylmcthane 
Thebaine 
Theophylline . 

Thevetin 

Thiazolc .... 

Thioacetic acid 

Thiocarbanilide 

Thiochromc 

Thioindoxyl 

Thiourea 

Threose, (rf-) . 

Thrcosc, (/-) . 

Thu akctonic acid, (a-) 

Thu one, d-) . 

Thu cnc, a-) . 

Thu ene, 0-) . 

Thu one, a-) . . • • 

Thu one, 0-) . 

Thu one, (iso-) 

Thu yl alcohol, (d-), (0-) . 
Thu yl alcohol, (</-), (8-) . 

Thu yl alcohol, (/-) . 
Thymine 

Thymol .... 

Thyroxine 


09738'* 

09607*° 

1 6377*'* 


1-1998'* 
1 075'° 


154-5 

227-8 

71 

180 

126-32 


0 8139*° 

0 8301*° 

08208*° 

0 9152*° 

09193'°- 

0-927*° 

09187*° 


157/758 

151 

147/739 

199-201 

201-2 

231-2 


9641*° 


Toluene .... 
Toluidine, 0 -), (a-) . 
Toluidine, 0 -), (0-) . 
Toluidine, m-) 

Toluidine, p-), (anhyd.) . 
Toluquinone . 

Toxi carol 

Trehalose (anhyd.) . 
Triacetin. 

Triacetoncamine (anhyd.) . 
Trichloroacetic acid . 
Trichloroethylene . 
Trichloromethyl chloro- 
formate (diphosgene) 
Trigonelline (anhyd.) 
Trimethylamine oxide 
(anhyd.) 

Trinitro-o-cresol, (3:4: 5-) 
Trinitro-m-cresol, (2:4:6-) 


-155 
-43 6 
44 5-45 
69 

218-20 

210 


1-1562*° 


1 6237 ?: 
1-4397“ 


1 6525“ 


96 

102 

109-10 


Substance. 


+ 24 5“ 

+ 100-5*° 
-100 5*° 


+ 197-0*° (H,0) 


+ 109 (EtOH) 


-218 0 (EtOH) 


-62-5*° 


+ 2909** 
-24 0*° (H,0) 

+ 62 03 
+ 37-7 
+ 110 8 
-11-58*° 

+ 77-33*® 

+ 116 93*° 

+ 50 01 

-9-12*° (PhMc) 















588 


Substance. 

M.P. *C. 

B.P. *C. 


IctJo- 

Trinitrotoluene, (2:4:0-). 

80 8 



-—-- 

Tryptophan 

289 



— 

Turanose. . . . 

1S7 



-33 4” (EtOII) 

Tyraminc 

Tyrosine, (p-), (/-) . 

164-104 5 
314-18 

205-7/25 

— 

+ 75 3(11,0) 

-8 07” (lid) 

Umbellifcrone . 

223-4 



Umbcllulonc . 

Undecanc . 


92 5-08/10 

0-950” 

-30 3 

Undccenyl alcohol . 


104-5 

OKA 

0 7411” 


Undcccnylamine 



0-8495” 

— 

Undecyl alcohol 

Undecyl aldehyde . 
Undccylaminc, (n-) . 
Undecylamine, (sec.- n-) . 
Undecylcne, ( 1 -) 
Undecylcne, (2-) 

Undecylic acid 

Uracil .... 

15-10 

20 5-30 5 

388 

147/25 

110-17/18 

231-2/727 

231/741 

102-5 

102-3 

2125/100 

0 8334” 
08251” 

0-778758 

0 7735*5 

— 

Uraniil .... 

>400 



— 

Urea (carbamide) . 

132 



— 

Urethane 

49-50 

184 


+ 0-40” 

Uridine .... 

105 


— 

Urobilin .... 

177 



+ 4 0” (11,0, 

Ursolic acid . 

285 


** 

— 

Usnic acid, (d-) 

Usnic acid, (/-) 

202-4 

195-7 

— 

— 

+ 508 8” 

Usnic acid, (d/-) 

193-4 

— 

_ 

-496” 

Valcraldchyde, (n-) . 

Valeric acid, (n-) 

Valeric acid, (iso-) . 

-345 

102 5-103 
18035 
170-7 

0 80952” 
09887” 

o-osa?”-* 

— 

Valcrolactone, (y-), (d-) 
Valcrolactone, (y-), (d/-) . 

— 

80-90/14 

205-7 

1 0405” 

+ 18 5” 

Valcrolactone, (5*) . 

-12 5 

218-20 


Vnlcrophcnonc. 

Valine, (d-) . 

Valine, (/-) 

Valine, ( dl -) . 

156-1575 

03-0 

~208 

235-42 

0 08855 

-391” (COMe.) 

+ 6-42” (H,0) 

Vanillic acid . 

210 




Vanillin .... 

81-2 

285 



Vanillyl alcohol 

115 




Vanillylamine (anhyd.) 

137 

- 



Veratrol .... 
Vcratryl alcohol 
Veratrylamine 

Verbanol. 

Vcrbanone 

Verbascosc 

Vcrbenol, (d-) . 

Vcrbenol, (/-) . 

Vcrbenone, (d-) , . 
Vcrbcnone, (/-) . 

Veronal . ... 

IIbTTMI 

206/759 

290-7/732 

154-8/12 

218 

222 

210-18 

100-4/12 

227-8 

1 0842*5 
1-1795? 
1-143° 
1-47018” 

0 961” 

09702” 

0 9970” 
0982” 

+ 52-5” 

+ 169 9 (H,0) 

+ 182-3” 

+ 249-62” 
-144 

Vicianin ... 

Vicianose . . 

Vinyl acetate . 

147-8 

210 

73 

0-9342” 

-20-7 (H.O) 

+ 39-7 (H,0) 

Vinylacetic acid 

-39 

163 

101355 


Vinylacetylene. 


2-3 


Vinyl bromide 

_ 

15-8 

1-5286” 


Vinyl chloride . 

__ 

— 14 


Vinylcyclohexanc . 

— 

130-1/749 

0-8166” 


Vinylglycollic acid . 

42-4 

128 6- 



Vinylpiperidine, (3- or /?-) . 
Violaxanthin . 

207-8 

1302/12-13 

152-5 

09274” 

+ 85J° (CHC1,) ' 






































































